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FOREWORD 

This r e p o r t  d e s c r i b e s  a r a d i a t i o n  t r a n s p o r t  program which has  
evolved over  a span  of two c o n t r a c t s  t o  i t s  p r e s e n t  s ta te .  The i n i -  
t i a l  e f f o r t  was performed under Cont rac t  NAS-6719  fo r  t h e  NASA Manned 
Spacec ra f t  Cen te r ,  S t r u c t u r e s  and Mechanics Div i s ion .  Th i s  e f f o r t  
inc luded  t h e  basic  computat ional  procedures  f o r  t h e  r a d i a t i o n  proper- 
t ies  and t r a n s p o r t  models. These w e r e  extended and gene ra l i zed  under 
t h e  c u r r e n t  c o n t r a c t  (NAS1-9399) f o r  the NASA Langley Research Center,  
Applied Material and Physics  Divis ion.  On t h i s  e f f o r t  t h e  program 
w a s  gene ra l i zed  t o  inc lude  t h e  equ i l ib r ium chemis t ry  c a p a b i l i t y  and 
i n t e r a c t i o n  w i t h  boundary (wall) f l u x e s .  I n  a d d i t i o n ,  c e r t a i n  r e v i -  
s i o n s  w e r e  made t o  the s t r u c t u r e  of the program t o  i n c r e a s e  computing 
speed. 
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ABSTIWCT 

T h i s  r e p o r t  d e s c r i b e s  the use and s t r u c t u r e  of t h e  RAD/EQUIL 
program, a computat ional  procedure for p r e d i c t i n g  nongrey r a d i a t i v e  
f l u x e s  or i n t e n s i t i e s  a t  any p o i n t  w i t h i n  a p l a n e - p a r a l l e l  s l a b  ( for  
t h e  f l u x  c a l c u l a t i o n )  o r  a t  any p o i n t  on a r a y  ( f o r  t h e  i n t e n s i t y  
c a l c u l a t i o n ) .  The program w a s  developed f o r  t h e  s tudy  of r a d i a t i o n  
h e a t i n g  phenomena i n  t h e  m a s s  i n j e c t e d ,  hypersonic  boundary l a y e r  
environment;  however, it i s  n o t  l i m i t e d  t o  such s t u d i e s .  The r a d i a -  
t i v e  p r o p e r t i e s  model assumes l o c a l  thermodynamic equ i l ib r ium and 
c o n s i d e r s  t h e  cont inuun t r a n s i t i o n s ,  molecular bands and atomic l i n e s  
of t h e  s p e c i e s  of t h e  C-H-0-N e lemental  system. The bandless  model 
f o r  t h e  molecular bands i s  t h e  only approximation which i s  an i n t c -  
g r a l  p a r t  of t h e  p r o p e r t i e s  model employed i n  t h e  program. 
a s p e c t s  of t h e  model can be made t o  inc lude  as much (or  l i t t l e )  d e t a i l  
as d e s i r e d  through changes t o  t h e  i n p u t  d a t a  or s i m p l e  mod i f i ca t ions  
t o  t h e  program, i t s e l f .  Th i s  allows a wide range of t r ade -o f f s  t o  be 
made between accuracy and computational e f f o r t .  

Other 
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USER * S MANUAL FOR THE GENERALIZED RADIATION 
TRANSFER CODE (RAD/EQUIL) 

by William E.  Nicolet 
Aerotherm Corporat ion 

SECTION 1 

INTRODUCTION 

This  r e p o r t  desc r ibes  t h e  ??AD/EQUIL computer code, a 
combination of the radiation t r a n s f e r  code (RAD) and a s impl i -  
f ied v e r s i o n  of \the A e r o t h e r m  Chemica l  Equi l ibr ium Code (EQUIL) . 
The mot iva t ion  for developing t h e  code w a s  t o  s tudy  hypersonic ,  
m a s s  i n j e c t e d  shock l a y e r  environments d u r i n g  e n t r y  i n t o  p l a n e t -  
ary a tnospheres  and d u r i n g  r e e n t r y  f r o m  deep space miss ions ;  
however, it is n o t  l i m i t e d  t o  such s t u d i e s ,  Indeed, its nost 
a t t ract ive f e a t u r e  i s  i t s  v e r s a t i l i t y .  I 

The C-H-0-N e lementa l  system is considered.  This  system . 
i s  r e p r e s e n t a t i v e  of shock l a y e r s  a d j a c e n t  t o  a b l a t i n g  bod ies .  
Local thermodynamic equ i l ib r ium is  assumed t o  e x i s t  a t  a l l  times, 
Molecular ,  a t o m i c  and i o n i c  s p e c i e s  are all cons idered  w i t h  those 
which appear  i n  t h e  3000°K t o  15000°K t empera ture  range (-1 t o  
1 0  atmospheres,  p r e s s u r e  range) b e i n g  given primary cons ide ra t ion ,  
A complete d e s c r i p t i o n  of t h e  p r o p e r t i e s  and t r a n s p o r t  models has 
been given i n  Ref. 1. 

The RAD/EQUIL code r e q u i r e s  as i n p u t  in format ion  s u f f i c i e n t  
t o  d e s c r i b e  t h e  spa t ia l  d i s t r i b u t i o n  of t h e  thermodynamic s t a t e .  

T h i s  informat ion  can  be obtained i n  a v a r i e t y  of forms, e.g,, 
p r e s s u r e ,  temperature ,  concen t r a t ions  of b a s e  s p e c i e s  (cr ele- 
ments ) ,  or en tha lpy  can  r e p l a c e  tempera ture  and/or mole frac- 
t i o n s  can  r e p l a c e  the base spec ie s  concen t r a t ions .  A l t e r n a t i v e l y ,  

t h e  c o n d i t i o n s  ahead of an oblique (o r  normal) shock wave c a n  be . .  
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s p e c i f i e d  and t h e  program w i l l  compute t h e  thermodynamic state dis- 

t r i b u t i o n s ,  
r a y ;  or i f  t h e  gas  i s  c o n f h e d  i n  a plane - p a r a l l e l  s l a b ,  i t  can  
c a l c u l a t e  r a d i a n t  f l u x e s  d i r e c t l y .  I f  t h e  r a d i a t i o n  i s  t o  be ob- 
served behind a window, frequency dependent t r ansmiss ion  f a c t o r s  
are inc luded  which can be used t o  s i m u l a t e  i ts t r ansmi t t ance .  The 
w a l l  r a d i a t i o n  can a l s o  be inc luded  and allowed t o  i n t e r a c t  w i th  
t h e  gases .  

From t h e s e  data i t  c a l c u l a t e s  t h e  i n t e n s i t i e s  a long  a 

The fo l lowing  s i x  s e c t i o n s  d e s c r i b e  t h e  o p e r a t i n g  a s p e c t s  
of t h e  code i n  t e r m s  of INPUT, OUTPUT, SAMPLE C A S E S ,  OPERATING 

PROCEDURES, PROGRAM DESCRIPTION, and A LIST OF FORTRAN V A R I A B L E S .  

A l i s t i n g  i s  avai lable  under a s e p a r a t e  cover .  
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SECTION 2 

INPUT 

The program u s e s  punched c a r d s  as  t h e  i n p u t  media. Two d a t a  
decks are r e q u i r e d ,  A and B. Deck A c o n t a i n s  b a s i c  r a d i a t i o n  and 
s p e c t r o s c o p i c  d a t a ,  e . g . ,  f-numbers, l i n e  wid ths  and c e n t e r s ,  d e f i -  
n i t i o n  of  l i n e  groups,  e n e r g i e s  and s t a t i s t i ca l  weights  of leve ls ,  
etc. Deck A is  not changed u n l e s s  changes t o  t h e  b a s i c  r a d i a t i o n  
model are t o  be performed; consequent ly ,  it i s  o f t e n  r e f e r r e d  t o  
as permanent data. 
t empera tures ,  p r e s s u r e s ,  e t c .  
d a t a  decks is  g iven  i n  Table 2.1. 

Deck B con ta ins  case d a t a  such a s  pa th  l eng th ,  
A complete d e s c r i p t i o n  of t h e  t w o  

2 . 1  DATA DECK SETUP 

F i g u r e  2 . 1  shows a t y p i c a l  d a t a  deck se tup .  Pernanent  data 
i s  always read i n  f i rs t ,  followed by case data.  
case data must be complete; t h a t  i s ,  it must i n c l u d e  a s e t u p  of 
t h e  s p a t i a l  nodes and t h e  boundary c o n d i t i o n s .  The fo l lowing  cases 

can be read, i n  abbrev ia t ed  form. Each case s ta r t s  w i t h  a c o n t r o l  . 
c a r d  (KX, T i t l e )  and ends w i t h  a C4 ca rd .  Success ive  cases are 
read i n  and run  until a 1. appears  on t h e  C4 card. This  t e rmina te s  
t h e  run. 

The f i r s t  set of 
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TABLE 2.1 

INPUT CARDS 

DECK A - PERWNENT DATA 

Group I - B a s i c  Radia t ion  Data 

Card 1, Format (4012) 

F i e l d  1, (Columns 1-2), "V 

T h i s  i s  t h e  number of l i n e  groups t o  be inc luded  i n  t h e  
c a l c u l a t i o n  (maximum of 25). 
ments involved  i n  s e l e c t i n g  t h e  a p p r o p r i a t e  number of 
l i ne  groups i s  g iven  i n  the  d i s c u s s i o n  of the  FHVM and 
FHVP values. 

A d i s c u s s i o n  of t h e  judge- 

F i e l d  2,  (Columns 3-4), NAES 

T h i s  i s  t h e  number of atomic and i o n i c  energy l e v e l s .  
mal ly  5 6  are used t o  desc r ibe  t h e  CHON system - 8 levels 
each b e i n g  ass igned  t o  C ,  H ,  0, N ,  C+, O+ and N+. 

lumping of levels i s  usua l ly  r equ i r ed .  
normal quantum mechanical weighting and a table of energy 
levels such as Moore's ( R e f .  3 )  . 

N o r -  

Some 
This  i s  done us ing  

f 

F 

c 

L i  

F i e l d  3 ,  (Columns 5 - 6 ) ,  NXI 

T h i s  is the  number of special  hydrogen l i n e s  for which no 
( h a l f )  h a l f  width d a t a  i s  read i n .  
are t o  be inc luded ,  N X I  = 4. 
The four lines given s p e c i a l  t r ea tmen t  are t h e  Lyman a and 
f3 and t h e  Balmer a and 
v a l u e )  i s  read i n  f o r  each of t h e  remaining hydrogen lines.* 

When t h e  hydrogen l i n e s  
Otherwise,  it equa l s  zero.  

f3. Half w i d t h  in format ion  (a GANP 

- 7  

T h e  h a l f  w i d t h  i n 2 o r n a t i o n  f o r  t h e  Lyman y and Paschen a is uscd t o  
se t  up t h e  f r cquencp  coordinate system on ly .  
arc s t i l i  hi.cjhi*r tA1~111 tlicsc, thc input (ha l f )  half width is  u s e d  
throughout the transport c a l c u l a t i o n .  

For t h e  l i n e s  vhich 

i 
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Group 2 - S t a t i s t i c a l  Weights of Absorbing Levels  

Cards 1,2.. . , Format (6312.4) 

' F i e l d  1, (Columns 1-12, 13-24, e tc . ) ,  GEE 

These are t h e  s t a t i s t i c a l  we igh t s  of t h e  atomic and i o n i c  
levels. For unlumped l e v e l s  GEE = 2J+1 where J is  t h e  
i n n e r  quantum number of t h e  l e v e l  and can be ob ta ined  from 
t a b u l a t i o n s  ( R e f .  3 ) .  F o r  lumped leve ls ,  GEE i s  obta ined  
by summing the c o n t r i b u t i o n s  of t h e  i n d i v i d u a l  levels. 

Group 3 - Energy Levels  

Cards 1,2.. . , Format (6312.4) 

F i e l d  1, (Columns 1-12 ,  13-24, etc . )  , EPS 

These a r e  t h e  e n e r g i e s - o f  t h e  l e v e l s  ( i n  eV), f o r  unlurnped 
levels ,  v a l u e s  can be obta ined  from t a b u l a t i o n s  (Ref. 3). 
For  lumped va lues  t h e  equa t ion  

- - LGEEAEPS 1 Lumped GEE 

is a p p l i c a b l e  w h e r e  the summations a r e  t a k e n  over a l l  t h e  
levels t o  be lumped. 

' Group 4 - Line  Group S p e c i f i c a t i o n  

Cards 1, 2 ..., N1, Format (6312.4) 

F i e ld  1, (Columns 1-12, 13-24,  e t c . )  , FHVM 
These a r e  t h e  low frequency boundaries  on t h e  l i n e  groups. 
An FHVM v a l u e  a long  w i t h  an FHVP va lue  d e f i n e s  a frequency 
increment .  A l l  t h e  l i n e s  w i t h  t h e i r  c e n t e r s  w i t h i n  t h a t  
increment  dTf ine  a line group. The continuum p r o p e r t i e s  
and t h e  b l ack  body func t ions  are eva lua ted  a t  on ly  one fre- 
quency p o i n t  f o r  each l i n e  group. Therefore ,  t h e  frequency 
boundaries  on t h e  l i n e  group should n o t  be so wide as  t o  
a l low apprec iab le  changes i n  t h e s e  q u a n t i t i e s .  
c o n t r i b u t i o n s  t o  the t r a n s p o r t  from sources  o u t s i d e  t h e  

I n  a d d i t i o n ,  
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boundaries  of t h e  l i n e  group are n o t  t aken  i n t o  account .  
Therefore ,  t h e  boundaries  on a l i n e  group should never t o  
too close t o  t h e  c e n t e r  o f  a l i n e  w i t h i n  t h e  group. 

Cards N1+1, N 1 + 2 .  - . . N 2 ,  Format (61312.4) 

F i e l d  1, (Columns 1 - 1 2 ,  13-24, etc.)  , FHVP 

These are t h e  h igh  frequency boundaries  on t h e  l i n e  groups.  

Cards N 2 + 1 ,  N 2 + 2 , .  .N3, Format (6312.4) 

F i e l d  1, (Columns 1-12, 13-24, e tc . ) ,  FHV 

These are  t h e  f r equenc ie s  a t  which t h e  continuum p r o p e r t i e s  
and t h e  b lack  body f u n c t i o n  are eva lua ted  f o r  each l i n e  
group. They are u s u a l l y  taken t o  b e  roughly midway between 
FHVP and F"M. Thus FHV i s  o f t e n  r e f e r r e d  t o  as t h e  "average" 
frequency of t h e  l i n e  group. 

Group _I 5 -Hydrogen Index (Skip t h i s  Group i f  NXI = 0 )  

Card 1, Format ( 4 0 1 2 )  

F i e l d  1 (Columns 1 -2 ,  3-4, e t c )  , IA 
These are t h e  i n d i c e s  on  t h e  l i n e  groups which c o n t a i n  t h e  
s p e c i a l  hydrogen l i n e s  (one p e r  l i n e  group, maximum). The 
l i n e  groups are always numbered s e q u e n t i a l l y  s t a r t i n g  wi th  
those  at t h e  lowest frequency. 

Group 6 -Number of Lines P e r  L ine  Group 

Card 1, Format ( 4 0 1 2 )  

F i e l d  1, (Columrls 1-2,  3 - 4 ,  etc.) , NU 
T h i s  i s  the number of l i n e s  which are s i t u a t e d  w i t h i n  each 
l i n e  group and which are t r e a t e d  i n d i v i d u a l l y .  This number 
must equal. t h e  number of line d a t a  c a r d s  read i n  for each 
group. Whenever a l i n e  is i n c o r r e c t l y  ass igned  t o  a l i n e  
group the  program w i l l  stop and w r - i t c  o u t  t h e  nicssage " L I N E  

CENTER OUT OF GROUP FRCQUENCY R.V?GE. I' 
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G r o w  7 - Base Data on Line T r a n s i t i o n s  

Cards 1,2 ,... N o .  of L i n e s ,  Format (12, I O X ,  2E12.1, 3EL2.2) 

F i e l d  1, (Columns 1-2), MD 

Each of t h e s e  is  t h e  in%ex on t h e  lower (abosrbing)  level 
of each l i n e .  I t  i d e n t i f i e s  t h e  r a d i a t i n g  atomic and 
i o n i c  s p e c i e s  and i t s  level accord ing  t o  t h e  scheme 

ND 

1 -  8 

9 - 1 6  
1 7  - 24 
25 - 32 
33 - 40 
41 - 48  

49 - 56 

- SDecies 

C 

H 

N+ 
O+ 
C+ 

where t h e  i n d i c e s  i n c r e a s e  (for each  s p e c i e s )  w i th  inc reas -  
i n g  energy of t h e  levels .  

F i e l d  2,  (Columns 13-24), HVL 

Frequency of t h e  c e n t e r  of t h e  l i n e  ( i n  eV). 

F i e l d  3 ,  (Columns 25-36) ,  FF 

Th i s  is t h e  f number of t h e  l i n e  when t h e  lower l e v e l  of 
t h e  t r a n s i t i o n  i s  unlumped. When it i s  lumped 

where GEE i s  t h e  s t a t i s t i c a l  weight of t h e  unlunped lower 
l e v e l  of t h e  t r a n s i t i o n .  

F i e l d  4, (Columns 37-48) , GAJP 

T h i s  i s  t h e  (half) hal f  wid th  p e r  f r e e  e l e c t r o n  of each 
l i n e  due t o  S t a r k  Broadening, eva lua ted  a t  10,OOOoI<. 
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/ 

F i e l d  5, (Columns 49-60), XNOL 

Each of t h e s e  i s  t h e  number of l i n e s  i n  a given  l i n e  group 
which have i d e n t i c a l  p r o p e r t i e s .  I t  i s t s e d  only  when t h e  
p r o p e r t i e s  of s e v e r a l  l i n e s  are t o  be averaged and t r a n s -  
p o r t  c a l c u l a t e d  f o r  t h e  averaged l i n e ,  then  m u l t i p l i e d  by 
t h e  number of o r i g i n a l  l i n e s  t o  o b t a i n  t h e  t o t a l .  
l i n e s  i n  t h e  l o w  f requency r e g i o q  (less than  5 ev, roughly) 
should  be averaged i n  t h i s  manner, 

' 

Only 

F i e l d  6 ,  (Columns 61-72), GUP 

Each of t h e s e  i s  t h e  s t a t i s t i ca l  weight  of t h e  upper level 
of t h e  l i n e  (used i n  resonance broadening c a l c u l a t i o n , o n l y ) .  

Group 8 - Frequency Nodes f o r  t h e  Continuum 

Card 1, Format (2413) 

F i e l d  1, (Columns 1-3) NIHVC 

This  i s  t h e  number of continuum frequency p o i n t s  (a  maxi- 
mum of 50 i s  a l lowed) .  

Cards 2,3,.., Format (6E12.1) 

A 

-.. 
1 

-f 

_ *  

.. 1 

- 1  
I 

F i e l d  1, (Columns 1-12,  13-24, e tc . ) ,  FHVC 

These a r e  t h e  continuum frequency p o i n t s  which are s e l e c t e d .  
C a r e  must be taken t o  i n s u r e  t h a t  t h e  p h o t o i o n i z a t i o n  edges 
i n  t h e  u l t r a v i o l e t  are adequately reso lved .  

b 

DECK B - CASE DATA __-- ____- 

Group 1 - Cont ro l  Card and T i t l e  

Card 1, (Format (2011,  15A4) 

F i e l d  1, (Columns 1 - 2 0 )  KR 

Column 1 - Determines whether i n t e n s i t i e s  o r  f l u x e s  w i l l  
be c a l c u l a t e d  

i 

-i 

- 1  

i 

0 C a l c u l a t e s  i n t e n s i t i e s  

1 Ca lculate s f l u x e s  
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I 
Column 2 - Sets t h e  cond i t ions  of  t h e  r a d i a t i n g  l a y e r .  

0 Allows a r b i t r a r y  s p e c i f i c a t i o n  of thcrmodynaxic 
s t a t e  across t h e  layer 

1 Allows a r b i t r a r y  s p e c i f i c a t i o n  of  thermodynanic 
s ta te  b u t  r e q u i r e s  t h a t  the l a y e r  have uniform 
p r o p e r t i e s  

2 A l l o t v s  t h e  thermodynamic s ta te  t o  be determined 
from s p e c i f i e d  shock wave c o n d i t i o n s ,  b u t  re- 
q u i r e s  t h a t  t h e s e  c o n d i t i o n s  be uniform ac ross  
t h e  r a d i a t i n g  l a y e r .  (KR(7) and KQ(5) must both  
equa l  1) 

Column 3 - Determines i f  molecules  are t o  be inc luded  i n  
t h e  c a l c u l a t i o n  

0 Molecules can be inc luded  (see a l so  t h e  NCRC 

var iable  which overrides t h i s  c o n t r o l )  

1 Molecules are n o t  i nc luded  ( i r r e s p e c t i v e  of 
what NCRC i s )  

Column 4 - Determines how t h e  l h e  c o n t r i b u t i o n s  are 
c a l c u l a t e d  

0 Inc lude  l i n e s  b u t  a l low weak l i n e s  t o  be t r e a t e d  
approximately 

1 Inc lude  l i n e s  i n  f u l l  d e t a i l  

2 Exclude l i n e s  

Column 5 - Determines t h e  o p t i c a l  c o n d i t i o n s  of t h e  w a l l  

0 Requires a cold ,  b lack  w a l l  

1 Requi res  a black w a l l  b u t  a l lows  it an a r b i t r a r y  
temp e r a t u  r e 

2 A l l o w s  a w a l l  with an a r b i t r a r i l y  specified 
t empera ture ,  emi t t ance  and/or t r ansmi t t ance .  
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Column 6 - S p e c i f i e s  t h e  t y p e  of f l u x  (or i n t e n s i t y )  
The surface node c a l c u l a t e d  a t  NICN(1) - 

0 I n c i d e n t  f l u x  (or i n t e n s i t y )  
1 F l u x  (or i n t e n s i t y )  t r a n s m i t t e d  through 

. t h e  s u r f a c e  

Column 7 - Determines how t h e  thermodynamic s t a t e  
c o n d i t i o n s  of t h e  r a d i a t i n g  species are 
obta ined  

0 U s e s  t h e  r e s i d e n t  v a l u e s  
1 Performs chemistry c a l c u l a t i o n  
2 Reads i n  mole f r a c t i o n s ,  temperature  and 

p r e s s u r e s  

Column 8 - Determines whether f requency or  wave l eng th  
is  used i n  ou tpu t  

0 Uses frequency, hv (eV)  

1 U s e s  wavelength, X (A) 

Column 9 - Determines i f  t h e  program i s  t o  check t h e  
v a l i d i t y  of t h e  continuum frequency g r i d .  

The g r i d  is checked - u s e  fo r  energy t r a n s f e r  
c a l c u l a t i o n s  
The g r i d  is not checked - u s e  when on ly  a 
s e l e c t e d  par t  of t h e  spectrum i s  of i n t e r e s t  

0 

* 1  

Column 10 - Determines where t h e  program o b t a i n s  (1) norm- 
a l i z e d  s p a t i a l  nodes, (2)  index  on s p a t i a l  nodes 

t o  determine where  f l u x e s  or  i n t e n s i t i e s  are t o  
be c a l c u l a t e d  and (3 )  t h e  o p t i c a l  p r o p e r t i e s  of 
t h e  w a l l  

t 
T 
I 
f 

7 

.. 

0 Uses r e s i d e n t  v a l u e s  
1 Reads i n  new va lues  



COlLrn?. 11 - 

0 

1 

Column 12 

0 

1 

2 

C o l u m n  13 

0 

1 

2 

Column 14 
C o l u m n  15 
Column 16 

Co1u;r.n 1 7  

0 

1 
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Determines which 
be used. 

r a d i a t i o n  subroutine:; are t o  

Uses s t anda rd  r a d i a t i o n  package ( b e s t  f o r  most 
c a l c u l a t i o n s )  

Uses a c c e l e r a t e d  r ad ia tLon  package ( t h i s  pack- 
age is  much fas te r  and should be used i f  t h e  

IWD/EQUIL program i s  t o  be used as a subrout ine)  

Determines i f  t h e  chBmistry i n p u t  package is  
t o  be read 

Read i n  new d a t a  T o r  e lement  and molecular ,  
atomic, and i o n i c  species - i n p u t  d a t a  w i l l  
n o t  appear i n  ou tpu t  

U s e  r e s i d e n t  e l emen ta l  and s p e c i e s  data 

Same as KR (12 )  = 0 e x c e p t  t h a t  ' d a t a  w i l l  
appear  i n  o u t p u t  

Determines where program o b t a i n s  o p t i c a l  path 
length 

Reads it i n  

Takes it equal  t o  t h e  s t a n d  off d i s t a n c e  of 
t h e  bow shock of a sphe re  ( t h e  s p h e r i c a l  
r a d i u s  (in CM) i s  read i n ) )  

Same as I ( R ( 1 3 )  = 1 except tha t  t h e  spherical 
r a d i u s  i s  i n  feet  

Not used i 
Deternines  t h e  m o u n t  of r a d i a t i v e  o u t p u t  

N o r ~ ~ a l  r a d i a t i v e  o u t p u t  

Extens ive  r a d i a t i v e  o u t p u t  
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column 1 8  - Determines chemistry debug o u t p u t  

0 None 

1 Dumps chemistry i t e r a t i o n s  

Not used I Column $9 

' Column 20 

Field 2 ,  (Columns 21-80) I CASE 

This i s  t h e  t i t l e  of the case (alphanumeric) used for  
i d e n t i f i c a t i o n  of p r i n t e d  ou tpu t .  

Group 2 - Chemistry Con t ro l  Card (Skip this group i f  KR(7) = 0) 

Card 1, Format ( 2 0 1 1  I 5 E 1 0 . 3 )  

Field 1, (Columns 1-10) KQ 

Column 1 - Determines which v a r i a b l e s  are used t o  
s p e c i f y  the thermodynamic s t a t e  

0 Temperature 

1 Do n o t  use  t h i s  v a l u e  

2 Enthalpy 

C o l u m n  2 - Determines i f  chemistry package i s  t o  be  
read i n  (see RR(12), also) 

0 U s e  r e s i d e n t  d a t a  

1 Read i n  new da ta  

. Column 3 - Must b e  t h e  same as Column 2 

Column 4 - N o t  used 

Column 5 - D e t e r m i n e s  i f  shock wave option i s  t o  be 
u t l i z e d  

0 It is n o t  u t i l i z e d  

1 A shock wave s o l u t i o n  will be c a l c u l a t e d  

c 
i 

I 

J 

1 

Columris 6-20 - Do not. use 
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F i e l d  2 ,  (columns 2 1 - 3 0 ) ,  THETA 

This  i s  t h e  a n g l e  of t h e  shock wave. A n  e n t r y  h e r e  has 
meaning on ly  when the shock  wave o p t i o n  is  t o  be used. 
This  i s  also t r u e  for t h e  n e x t  three f i e l d s .  

F i e l d  3 ,  (Columns 31-40) I S V 1  

Th i s  i s  the v e l o c i t y  ( f t / s e c )  upstream of t h e  shock wave. 

F i e l d  4 ,  ( C o l u ~ s  41-50)  S P 1  

This  i s  t h e  p r e s s u r e  (atm) upstream of t h e  shock wave. 

F i e l d  5 ,  (Cclumns 51-60) SR1 

This  i s  the d e n s i t y  (lb/ft3) upstream of the shock wave. 

F i e l d  6, (Columns 61-70) , H S  

This  is  t h e  en tha lpy  (Btu/lb) upstream of t h e  shock wave. 

Group 3 - Chemistry ‘ Inpu t  (Skip  t h i s  i f  KR(7) # 1 or KR(12). = 1) 

Card 1, Format (13,F7.0) 

F i e l d  1, (Columns 1 - 3 ) ,  IS 

Number of e lements  i n  t h e  systein i n c l u d i n g  e l e c t r o n s  i f  

considered.  

Cards 2,3...,IS, (One f o r  each element ,  5ee Card 1, F ie ld  1 of 
t h i s  g roup) ,  Format 13 ,  3 A 4 ,  4F10.5) 

F i e ld  1, (Columns 1-3), XAT(K) 

A t o m i c  number of e l e m e n t  (99  for e l e c t r o n ) ,  ca rds  m u s t  be 

ordered  wi th  t h i s  number ascending wi th  e l e c t r o n  l a s t  [when 
cons idered)  

F i e ld  2 ,  (Columns 4-15) ATA(K) , ATB (K) , ATC (K) 

N a m e  of element (used f o r  o u t p u t  o n l y ) .  For best looking 
o u t p u t ,  elements wi th  3 o r  4 l e t t e r s  (e .g. ,  i r o n )  should 
s t a r t  i n  Column 6 ,  elements w i t h  5 ,  6, or  7 l e t t e r s  (e .g . ,  
carbon)  should star t  i n  Column 5 ,  and elements wi th  8 o r  
more le t te rs  (c,g., n i t r o g e n )  should s t a r t  i n  Coluinn 4 .  
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F i e l d  3 ,  (Columns 16-25), WAT(K) 

A t o m i c  weight  of element.  

Group 4 - Thermodynamic Data (Skip t h i s  if KR(17)#1 o r  K R ( 1 2 ) = 1 )  

There are t h r e e  cards for  each  molecular ,  atomic, condensed, 
o r  i o n i c  s p e c i e s .  A t o t a l  of 60 species of a l l  t ypes  
are allowed. 
r i a l s  i s  (12-1s). A blank c a r d  a f t e r  t h e  l a s t  s e t - c o n c l u d e s  
t h e  thermodynamic d a t a .  The arrangement of these cards sets 
i s  of consequence i n  so f a r  as it determines  t h e  base  spe- 
cies upon which mass balances are performed, t h e  first i n -  
dependent se t  of base s p e c i e s  being s e l e c t e d .  S i n g u l a r  
matrices can r e s u l t  from c e r t a i n  sets  of t h e o r e t i c a l l y -  
a c c e p t a b l e  base s p e c i e s  due t o  round-off errors. Fur ther -  
more, m a s s  ba l ances ,  etc. for t h e  (NSP) t h  base s p e c i e s  is  . 
o b t a i n e d  by d i f f e r e n c e .  Therefore ,  t h e  element r ep resen ted  
by t h i s  base species should be p r e s e n t  i n  a p p r e c i a b l e  quan- 
t i t i e s .  For example, for a i r ,  molecular  n i t r o g e n  i s  a good 

The number of a l lowab le  condensed-phase mate- 

c h o i c e  for  t h e  (NSP)TH base s p e c i e s .  Except f o r  t h e s e  con- 
s i d e r a t i o n s ,  atomic, molecular ,  and condensed s p e c i e s  can 
be ar ranged  i n  any o rde r .  When i o n i z e d  flows are consid- 
ered, t h e  atomic,  molecular ,  and condensed s p e c i e s  d a t a  
must  appear  f i r s t  and be followed by, f irst ,  e l e c t r o n  spe- 
cies da ta ,  and then  t h e  i o n i c  s p e c i e s  data (which can be i n  
any o r d e r ) .  The d a t a  format accepted  by t h e  program (de- 

scribed below) are as  genera ted  by the  Aerotherm TCDATA 
program and a r e  t h e  same as  t h a t  used in NAVWEPS Report  
7043. Thermochemical d a t a  decks  have been genera ted  f o r  
about 600  s p e c i e s ,  based mostly on curve  f i t s  of JANAF d a t a .  

Cards I, 4 ,  7 ,  ..., One f o r  each molecule, Format ( 7 ( F 3 . 0 ,  131, 
30X, 2A4 

Fie lds  1, 3 ,  5 ,  ..., One f o r  each e l e m e n t  i n  molecule (Columns 
1-3 ,  7-9,  1 3 - 1 5 , . . . ) ,  ALPT(N) i n  each f i e l d  

Number of atoms (of atomic number g iven  i n  subsequent f i e l d  
i n  B molccule of t h i s  spcc ic s .  I f  f i e l d  one i s  zero t h i s  
card i s  presumed t o  be end of thermodynamic data .  
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. Fields 2,4,6, ..., One f o r  each elexcent i n  molecule,  (Colunns 
4-6, 10-12 ,  16-18 ,... ) ,  J A T ( N )  i n  each f i e l d  

Atomic numbers of elements i n  molecules ( l i s t e d  i n  ascend- 
i n g  sequence) .  

L a s t  F i e l d ,  (Columns 73-80) 

Molecular d e s i g n a t i o n  (e.g., SI02) for  o u t p u t  

Cards 2,5,8,..., One f o r  each molecule,  Format  (6E9.6, 6X, F6.0, 

11) 
I 

F i e l d  1, (Columns 1 - 9 ) ,  R A ( J )  

Heat of format ion  of molecule a t  298OK from JANAE' base  
s ta te  (elements i n  most n a t u r a l  form a t  29S0X), cal/mole. 

F i e l d s  2-6, (Columns 10-18, 19-27, 28-36, 37-45, and 46-54), 
c H ( J , l ) ,  R c ( J , l ) ,  m(j,lj, R E ( j , l ) ,  w ( J , ~ )  

Cons tan ts  a p p r o p r i a t e  t o  lower temperature  range of therm- 
dynamic d a t a .  Taking F2 ,  F3, . . . ,  as F i e l d s  2 ,  3, etc., the 
curve'fits are as follows w i t h  T i n  OK, H i n  cal/mole, and  
S i n  cal/mole K. 0 

Heat c a p a c i t y ,  CP = F3 + F4* T + F5/T**2 
Enthalpy,  H - H298 = F2 + F3*(T - 3000)  + 0.5*F4* 

(T**2 - 3000**2) - FLi*(l/T - 1/3000) 
Entropy, S = F6 + F3*LN(T/3000) + F4*(T - 3000) 

Field 7, (Columns 6 1 - 6 6 ) ,  TU(J,l) 
0 Upper l i m i t  of lower temperature  range i n  K. (For 

condensed-phase m a t e r i a l s  which m e l t ,  it i s  a p p r o p r i a t e  
t o  use melt temperatures)  . 

Field 8 ,  (Column 67), K P H A ( 1 )  

1 s i g n i f i e s  gaseous species 
2 s i g n i f i e s  solid s p e c i e s  
3 s i g n i f i e s  l i q u i d  species 
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Cards 3 , 6 , 9 , . . . ,  One f o r  each molecule, Format (639.6,  6 X ,  

F 6 - 0 ,  11) 

F i e l d s  1 - 8 ,  (Columns 1-67)  

Same as Cards 2,5 ,C, . . . ,  excep t  use c o n s t a n t s  f o r  upper 
t empera ture  range and Field 7 i s  ignored .  . 

L a s t  Card - A blank  card is  used t o  s i g n i f y  end of thermodynamic 
d a t a ,  

Group 5 - Nodal I n p u t  and Sur face  P r o p e r t i e s  
(Skip t h i s  group i f  KRCLO) # 1) 

C a r d  1, Format (2413) 

Fie ld  1, (Columns 1-31, NIC 

T h i s  i s  t h e  number of s p a t i a l  s t a t i o n s  a t  w h i c h ‘ t r a n s p o r t  
is t o  be c a l c u l a t e d .  
t h a n  7. (20 fo r  updimensioned v e r s i o n s )  

This  number must be  equa l  t o  or less 

Card 2 ,  Format (2413) 

F ie ld  1, (Columns 1-3, 4-6,.  . . ) , , N . I C N  

These are t h e  i n d i c e s  on t h e  s p a t i a l  s t a t i o n s  where t r a n s -  
p o r t  i s  t o  be c a l c u l a t e d .  
w i t h  1 a t  t h e  w a l l  and i n c r e a s e  away from t h e  w a l l .  

The nodal  p o i n t s  u s u a l l y  s t a r t  

C a r d  3 ,  Format (513) 

F ie ld  1, (Columns 1-3) NY 

Th i s  is  t h e  number of s p a t i a l  nodes used t o  describe t h e  
slab (or r a y ) .  I t  must be e q u a l  t o  o r  less than  1 0 .  ( 2 0  
for  updimensional ve r s ions )  . 

Field 2, (Columns 4 - 6 ) ,  N I  

T h i s  i s  t h e  index  on t h e  s p a t i a l  p o i n t  a t  wh ich  t h e  l i n e  
fxequency coord ina te  system i s  t o  be eva lua ted .  For  a 

layer i n  which the elemental  composition does n o t  vary 
greatly, u s e  t h e  high temperature boundary. 
elemental c a n c c n t r a t i o n  does vary s i g n i f i c a n t l y  I select  
a po in t  whcrc  t h e  tcm;~eraturc:s are t h e  h i g h e s t  b u t  all 
t h e  elcmcnts are s t i l l  present .  

%en t h e  

I 

7 
d. 

I 

“7 

.I 
‘T 

-A. 

-T 

-. i 

7 

! 
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Cards 4,. . .NS, Format (GE12.4) 

F i e l d  1, (Columns 1-17, 13-24 ,... ) ,  ( Y Y ( I ) ,  1=1,NY) 

This  i s  t h e  x r l a a l i z e d  d i s t a n c e  t o  each s p a t i a l  s t a t i o n  
from t:ic w a l l .  Select  t h e s e  so t h a t  t h e  thexmodynamic 
v a r i a t i o n  of t h e  slab (or r a y )  i s  well desc r ibed .  

------------- Skip t h e  R e s t  of Group 5 if K R ( 5 )  < 2----------------- 

Cards N5+1, N5+2 ,..., N6, Format (6E12.1) 
s 

Fie ld  1, (Columns 1-12, 13-24 ,... ) ,  AHV 

These are t h e  absorp tances  or  emi t t ances  of t h e  w a l l  - one 
f o r  each continuum frequency p o i n t .  

Cards N6+1, N6+2, ..., N7, Format  (6E12.1) 

Fie ld  1, (Columns 1-12,  13-24,. ..), A W L  

These awe t h e  absorp tances  or emi t t ances  of the w a l l  - one 
f o r  each l i n e  group center frequency,  

Cards N7+1, N7+2,. . , ,N8, Format (6E12, I) 

F i e l d  1, (Columns 1-12, 13-24, , , .) ,  TMSW 

Continuurn t r a n s m i t t a n c e s  of  t h e  wall - one for each con- 
tinuum frequency p o i n t  

Cards N8+1, N 8 + 2 , .  , . ,N9, Format ( 6 E 1 2 . 1 )  

F i e l d  1, (Columns 1-12 ,  13-24 ,... ) ,  TMSWL 

Line  group t r a n s m i t t a n c e s  of t h e  wall - one for each l i n e  
group c e n t e r  f requency.  

Group G - Uniform c o n d i t i o n s  i n p u t  
(Skip t h i s  group i f  KR(2) = 0) 

Card 1, Format (GE12.8) 

F i e l d  1, (Columns 1 - 1 2 ) ,  DELTA 

If KR(13) = 0 ,  DELTA i s  t h e  r a d i a t i o n  p a t h  l eng th  (Cbl) . 
If KR(13) = 1, DELTA is t h e  r a d i u s  of a s p h e r i c a l  body 
( ( 3 4 ) .  If KR(13) = 2 ,  DELTA i s  the saxe as for K R ( 1 3 )  = 1, 
excep t  that it i s  i n  f e e t .  
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“t 

.L 
--------c--- Skip F i e l d s  2 and 3 i f  KR(7) = 0 ------------- 

. F i e l d  2 ,  (Columns 13-24) , PRES(1) 
This is t h e  p r e s s u r e  (atm) 

. 
F i e l d  3, (Columns 25-36) , TEE(1) 

If KQ(1) = 0, TEE is t h e  temperature (OK) . I f  KQ(1) = 2 ,  

TEE is t h e  en tha lpy  (Btu/lb) . TEE is  a first guess  tempera- 
t u r e  (OK) fo r  shock wave s o l u t i o n s .  (KQ(5) = 1) 

’‘E 

I 

Card 2 Format (6E12.8) 

F i e l d  1, (ColUmns 1-12)  TW 
7 

I 
LA 

The tempera ture  (OK) which is used t o  c a l c u l a t e  the e m i s -  
s ion from t h e  wal l .  

1 
LA 

Card 3 , Format (2413) 

F i e l d  1, (Coluntns 1-3, 4-6, . . .) NCRC 

T h e s e  v a l u e r  determine which continuum c o n t r i b u t i o n s  are t o  
be inc luded  in t h e  absorp t ion  c o e f f i c i e n t s  and which are not .  

When NCRC(1) = 1, t h e  source i s  inc luded;  when NCRC(1) = O r  

it is not inc luded .  The fol lowing scheme is  used t o  r e l a t e  
NCRC(1) values  t o  t h e  sources .  

’ 7  

. A  

’ !  

I !  

-1 - I Source 

1 Nitrogen High Line S e r i e s  

2 Oxygen High Line Series 

3 

4 

N: (1- ) Band System 
.A 

N- Photodetachment 
‘ 1  

5 H- Photodetachment 

6 0- Photodetachment 

7 

8 N .Atomic Pho to ion iza t ion  

9 0 A t o m i c  Pho to ion iza t ion  

NO Band Systems and Pho to ion iza t ion  

4- 1 0  N Photo ioniza t ion  
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11 

12 

13 

14 

15 

16 

1 7  

18 

19 

20 

! 

O2 Band Systems and Pho tod i s soc ia t ion  
i 

N2 Band Systems 

CO Band Systems 

€I2 Band Sys t e m s  and Pho to ion iza t ion  

C2 Band Systems 

CN Band Systems 

C Atomic Pho to ion iza t ion  
C+ Pho to ion iza t ion  * 

H Pho to ion iza t ion  

C- Photodetachment 

---------------- If X R ( 7 )  # 1 SXip t h e  Next Card-------------------- 

C a r d  4, Format (8E10.3) 

F i e l d  1, .(Columns 1-10, 11-20, e t c . ) ,  ( S P ( I ) ,  I = 1, ISM) 

These are t h e  mass f r a c t i o n s  of t h e  base  s p e c i e s ,  
are r e a d  i n  t h e  same o r d e r  t h a t  t h e  s p e c i e s  w e r e  r ead  i n  
t h e  cheinistry i n p u t  (Group 3). 

They 

---------------- If K R ( 7 )  # 2 Skip t h e  Next Card Set---------------- 

Cards 5,6,. . . ,N10, Format (6E12 e 8 )  

F i e l d  1, (Columns 1-12,  13-24 ,  c t c . ) ,  (??2(J,l),  J =1,15) 

These are the  mole f r a c t i o n s  of t h e  r a d i a t i n g  s p e c i e s .  
Spec ies  m u s t  always be  read i n ,  i n  t h e  fo l lcwing  o rde r :  

The program w i l l  au tomat i ca l ly  ob ta ined  t h e  mole f r a c t i o n s  

O+, 0, N + , N ,  E-, 02, N 2 ,  CO, H2, C 2 t  CN, C, Cf, 13, NO. 

of t h e  s p e c i e s  N2, + N-, 0 - , C - , and €I-. 
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Group 7 - Nonuniform Condit ions Input  
(Skip t h i s  group i f  K R ( 2 )  # 0 )  - 

Card 1, Format (1E12. ) 

F i e l d  1, (Columns 1 - 1 2 ) ,  DELTA 

This  is t h e  r a d i a t i o n  pa th  l e n g t h  (CM). 

------------ S k i p  t h e  next  t w o  card sets i f  KR( ( 7 )  = 0-----:------ . 

Cards 2 , . . . , N l l ,  Format (6E12.8) 

F i e l d  1, (Columns 1-12, 1 3 - 2 4 ,  etc.) (PRES(I),  I = 1, NY) 

These are t h e  p r e s s u r e s  (atm) a t  each s p a t i a l  node. 

Cards N 1 1 + 1 , .  . . , N 1 2 ,  Format (6312.4) 

F i e l d  1, (Columns 1-12, 1 3 - 2 4 ,  e t c ) ,  (TEE(1)  , I = 1, N Y )  

If K Q ( 1 )  = 0 ,  t h e s e  are the t empera tures  (OK) a t  each 
node. I f  K Q ( 1 )  = 2 ,  t h e y  %re t h e  e n t h a l p i e s  (Btu/ lb)  . 

Card N12+1, Format (6E12.4 ) 

F i e l d  1, (Columns 1 - 1 2 ) ,  TW 

This  q u a n t i t y  w a s  described p r e v i o u s l y  i n  Group 6 .  

Card N 1 2 + 2 ,  Format (2413) ,  NCRC 

This  q u a n t i t y  w a s  a l s o  descr ibed  i n  Group 5. 

----------------- If (KR ( 7 )  f 1, Skip t h i s  card--------------------- 

Cards N12+3,. . .N13, Format (8E10.3) 

F i e l d s  4 ,  (Columns 1-10, 11-20 ,  e t c . )  DO - I = 1, N Y ;  

(SP(1, I, J) , J = 1, ISM) 

These are the niass f r a c t i o n s  of t h e  base  s p e c i e s  a t  each 
spatial node (I). The o rde r ing  of t h e  species must be 

t h e  same as tlle orecriiig the s p e c i e s  da t a  were read i n ,  
in Group 3 .  
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I 

IF K R ( 7 )  # 2 S k i p  t h i s  Card Set-------------------- ' I  ---------------- 

Cards EJ13+1,. . . ,N14, Format ( 6 3 1 2 . 4 )  

F i e l d  1, (Columns 1-12,  13-24, etc.) ((FR(J,I) , I = 1,NY) 
J = 1,15) 

These are t h e  mole f r a c t i o n s  of t h e  radiating species a t  
each s p a t i a l  node ( I ) .  The o rde r ing  of the s p e c i e s  was 
discussed  i n  Group 3 .  

Group - 8 - Tern ina t ion  of Run 

Card '1, Format ( 6 3 1 2 . 4 )  

F i e l d  1, (Columns 1 - 1 2 ) ,  C4 I 

If C4 = 0 ,  begin  reading  i n  a new case s t a r t i n g  wi th  Group 
1 of Deck B. If  C4 = l., stop calculations. I 



' .. 
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SECTION 3 

OUTPUT 

For a given  case, t h e  normal ou tpu t  c o n s i s t s  of f ive sets 
of d a t a ,  each approximately one page i n  length .  
summarizes t h e  permanent d a t a  deck be ing  used. 
g ives  t h e  r a d i a t i o n  and chemistry c o n t r o l  nunbers and de f ines  
the r a d i a t i v e  bcundary condi t ions f o r  t h e  case be ing  run. 
t h i r d  se t  de f ines  t h e  s p a t i a l  v a r i a t i o n s  of t h e  then.odyn&c 
s ta te  p r o p e r t i e s .  
tinuum t r a n s p o r t  c a l c u l a t i o n s ,  and t h e  f i f t h  g ives  the r e s u l t s  of 
t h e  l i n e  t r a n s p o r t  c a l c u l a t i o n s .  When m o r e  t h a n  one case is  cal- 
c u l a t e d  i n  a given run,  t h e  f i r s t  set of d a t a  is  p r i n t e d  o u t  f o r  
the f i r s t  case only ,  
each case. 

The f i r s t  se t  
T h e  seccnd set  

The 
* 

The fou r th  s e t  g ives  the r e s u l t s  of t h e  con- 

The other f o u r  sets are p r i n t z d  o u t  for 

The f i r s t  s e t  of d a t a  i s  g iven  t h e  t i t l e  "TABLE 11." Ten 
columns of d a t a  are p r i n t e d  ou t  under  t h e  fo l lowing  headings: 
GROUP, HV, HV+, IIV-, N, K(I), HV(J), F ( I ) ,  =(I), NOL(1) . 
The f i r s t  f i v e  columns d e f i n e  the p r o p e r t i e s  of  t he  l i n e  groups; 
the second f i v e  de f ine  t h e  p r o p e r t i e s  of the l i n e s  wi tn in  each 
l i n e  group. 
a l though s l i g h t l y  d i f f e r e n t  terminolo91 is  used, 
i n p u t  v a r i a b l e s  t h e  headings are t h e  fol lowing:  

These variables are the ' same as the i n p u t  v a r i a b l e s ,  

I n  t e r m s  of 

I which were def ined  i n  Sec t ion  2. 

T h e  second set of data is  t i t l c d  " C X E  - XXXX" where 
XXXX i s  khc case t i t l e  which was r ead  i n  on 1-.he first card of 
Deck B. T'he r a d i a t i o n  c o n t r o l  nunhers  (KR( I ) )  and the chemistry 
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1 

c o n t r o l  numbers (KQ ( I ) 1 are given which describe t h e  case. These 
are followed by  t h e  "RADIATIVE BOUNDARY CONDITIONS'' g iven  i n  terms 
of t h e  e m i t t a n c e .  and t r ansmi t t ance  of t h e  w a l l  and t h e  outer boun- 
dary and as a f u n c t i o n  of both the continuum and l i n e  group frequen- 
cies (cor responding  wave l e n g t h s  are also g i v e n ) .  

The third set  o f  d a t a  is  always given  t h e  t i t l e  "TABLE 1." 
I n  t h e  second row of the t i t l e ,  an S s t a t i o n  i s  i d e n t i f i e d .  This  is 
fo r  the i d e n t i f i c a t i o n  of t h e  case only and h a s  no p h y s i c a l  meaning. 
The t h i r d  row i n  t h e  t i t l e  g ives  the overall  t h i c k n e s s  of t h e  sl& 
(or l e n g t h  of t h e  ray) i n  cen t ime te r s .  The o t h e r  d a t a  p r i n t e d  o u t  
i n c l u d e  the fo l lowing:  t h e  normalized p a t h  l e n g t h s  , t empera tures  
(OK) , p r e s s u r e s  (atm) , e n t h a l p i e s  (Btu/ lb)  , mean molecular  weight ,  

m o l e  f r a c t i o n s  of the r a d i a t i n g  s p e c i e s  (d imens ionless )  , and t h e  
number d e n s i t i e s  of t h e  r a d i a t i n g  s p e c i e s  (pa r t i c l e s / cm3)  . 

T h e  f o u r t h  and f i f t h  sets of data have o u t p u t  formats which 
are dependent upon t h e  v e r s i o n  of t h e  r a d i a t i v e  programs b e i n g  u t i -  
l i z e d .  "he o u t p u t  f o r  t he  s k n d a r d  programs = 0) is  dis- 

cussed i n  S e c t i o n  3.1.1 and tha t  of t h e  accelerated programs 
( ~ ~ ( 1 1 )  = 1) i n  S e c t i o n  3.1-2- 

3.1-1 - Output of  S tandard  Subrout ines  

The fourth set  of d a t a  i s  given e i t h e r  t h e  t i t l e  "CONTINUUM 

CONTRIBUTION TO THE SPECTRAL FLUX" o r  "CONTINUUN CONTRIBUTION TO 

THE SPECTRAL INTENSITY" depending on t h e  type  of c a l c u l a t i o n  b e i n g  
perforned.  The second row of t h e  t i t l e  g ives  t h e  normalized spa- 
t i a l  s t a t i o n  spec i f ie 'd  f o r  t h e  t r a n s p o r t  c a l c u l a t i o n .  The s p e c t r a l  
p o i n t s  used f o r  t h e  continuum c a l c u l a t i o n  are g iven  i n  t h e  f i r s t  
column. The n e x t  +&ree columns g ive  t h e  continuum t r a n s p o r t  quan- 
t i t i e s  i n  the n e g a t i v e  d i r e c t i o n  (awciy from t h e  w a l l )  
t r a l  f l u x e s  (or i n t e n s i t i e s )  are given f irst ;  t h e n  t h e  i n t e g r a l  of 
t h e  s p e c t r a l  f l u x  ( o r  i n t e n s i t y )  over f requency is given as a 
fuict ion of frequency (each e n t r y  r e p r e s e n t s  t h e  in tec j rz l  f r o m  
the f irst  frequciicy p o i n t  t o  t h e  c u r r e n t  f requency p o i n t ) ;  f i n a l l y ,  
the tlii-rd column gives  t h e  same informat ion  as t h e  second, excep t  
t h a t  i t s  e n t r i e s  a r e  norrcalized a g a i n s t  t h e  f i n a l  va lue  of t h e  

The spcc- 

1 

A 

7 

"! 

.l 

-! 

A 

. I  

'1 



-25- 

i n t e g r a l .  The informat ion  given i n  t h e  last t h r e e  columns is  t h e  
sLme as i n  t h e  three j u s t  desc r ibed ,  except  t h a t  t h e  t r a n s p o r t  
q u a n t i t i e s  i n  t h e  p o s i t i v e  d i r e c t i o n  are considered.  When 
KR(8) = 1, the s p e c t r a l  q u a n t i t i e s  a r e  p r e s e n t e d  as  f u n c t i o n s  
of wavelength i n s t e a d  of frequency. 

The l a s t  s e t  of d a t a  gives t h e  r e s u l t s  of t h e  l i n e  calcula- 
t i o n .  It i s  g iven  a t i t l e  "TABLE XI' where X equa l s  t h e  nmber of 
l i n e  groups p l u s  t h r e e .  The second row of t h e  t i t l e  i d e n t i f i e s  
the S s t a t i o n  number ( for  i d e n t i f i c a t i o n  only  - as befo re )  and the 
s p a t i a l  s t a t i o n  s p e c i f i e d  f o r  t h e  t r a n s p o r t  c a l c u l a t i o n .  Four 
columns of d a t a  are given. The i n d i c i e s  on the l i n e  groups are 
given  i n  t h e  f i rs t  column. The "average" frequency of each group 
is  given i n  the second colwnn. T h e  c o r r e c t i o n s  to be added t o  
the t o t a l  f l u x  (or  i n t e n s i t y )  t o  account for l i n e  e f f e c t s  are 
g iven  i n  t h e  t h i r d  column (nega t ive  d i r e c t i o n )  and t h e  f o u r t h  
column ( p o s i t i v e  d i r e c t i o n ) .  The t o t a l  corrections (sums over al.1 
l i n e  groups) are g iven  at  the bottom of t h e  page. Again, wavz- 
l e n g t h  variables instead of  frequency variables are used when . 

1 K R ( 8 )  = 1. 

3.1 2 Output of 'Accelerated Subprogram 

The f o u r t h  set of d a t a  is g iven  e i t h e r  t h e  t i t l e  "CONTINUUM ' 

C O N T R I B U T I O N  T O  THE S P E C T R A L  FLUX" o r  '*CONTINUUM CONTRIBUTION T O  

THE SPECTRAL I N T E N S I T Y "  depending on t h e  t y p e  of  c a l c u l a t i o n  b e i n g  
performed. The nex t  row g ives  the normalized d i s t a n c e s  t o  the 
nodes where t h e  t r a n s p o r t  i n t e g r a l s  were eva lua ted .  The f irst  
column gives t h e  nodal p o i n t s  i n  f requency used  i n  t h e  continuum 
c a l c u l a t i o n .  When t h e  t r a n s p o r t  i n t e g r a l s  are t o  be  e v a l u a t e d  a t  
6 p o i n t s  o r  less ( N I C  - < 6 )  , the nex t  2 t imes  N I C  columns r e p r e s e n t  

each ncde a t  which t h e  t r a n s p o r t  i n t e g r a l s  w e r e  eva lua ted .  When 
NIC > 6 ,  t h e r e  a r e  t w o  rows of output  f o r  each continuum frequency 
p o i n t .  (or Iv-) and t h e  bottoia ro :~  (which i s  
s l ic$i t ly  d i s p l a c e d  t o  the r i g h t )  i s  Fv ( o r  Iv ) .  Frequency i n t e -  
g r a t e d  va lues  are given a t  the bottom of t h e  page f o r  the N I C  

spat i a1 nodes be ing  cons i dc red. 

- I- - 
and Fv (o r  Iv and Iv+) given a l t e r n a t e l y ,  one corrbination for Fv 

- 
The top row is  Pv 

+ + 
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The f i f t h  set  of d a t a  is given the t i t l e  "LINE RADIATION",' 

The n e x t  row g i v e s  t h e  normalized d i s t a n c e s  t o  t h e  
t h e  t r a n s p o r t  i n t e g r a l s  w e r e  eva lua ted .  The f i rs t  
t h e  index  on t h e  l i n e  group b e i n g  considered.  The 
gives t h e  c e n t e r  frequency of t h e  l i n e  group. Two 
put are t h e n  g iven  f o r  each l i n e  group. The f i rs t  

T -r 

nodes where 
column g ives  
nex t  column 
r o w s  of out -  ' 

r o w  gives t h e  
Ll lJ l i n e  c o r r e c t i o n  (Fu o r  I, - see Equat ion 66 of R e f .  1) i n t e -  

g r a t e d  over t h e  frequency increment  of t h e  l i n e  group and i n  t h e  
n e g a t i v e  d i r e c t i o n .  The second l i n e  is d i s p l a c e d  s l i g h t l y  t o  
t h e  r i g h t  and g ives  t h e  corresponding v a l u e  i n  t h e  p o s i t i v e  dir- 

e c t i o n .  The t o t a l  l i n e  c o r r e c t i o n  t o  the d i r e c t i o n a l  fluxes are 
g iven  a t  t h e  bottom of  t h e  page. 

3.2 EXTENSIVE OUTPUT (STANDARD SUBPROGRRMS, ONLY) 

For a given  case t h e  e x t e n s i v e  o u t p u t  c o n s i s t s  of seven sets 
of data,  f i v e  of which sre approximately one page i n  l eng th .  The 
o ther  t w o  sets can be very ex tens ive .  The f i rs t ,  second, f i f t h  
and seventh  sets are i d e n t i c a l  ( r e s p e c t i v e l y )  to .  t h e  f i rs t ,  second, 
f o u r t h  and f i f t h  sets of d a t a  w h i c h  are p r i n t e d  out w i t h  t he  normal 
o u t p u t  op t ion .  The t h i r d  set i n c l u d e s  a s&t of e l e c t r o n i c  p a r t i t i o n  
func t ions  (as c a l c u l a t e d  by t h e  code) ; o the rwise ,  it is  i d e n t i c a l  t o  
t h e  t h i r d  s e t  of d a t a  p r i n t e d  o u t  wi th  t h e  normal o u t p u t  op t ion .  

The f o u r t h  set of d a t a  g ives  a d d i t i o n a l  de t a i l s  about  t h e  
continuum t r a n s p o r t  c a l c u l a t i o n .  For each frequency p o i n t ,  va lues  
of B ,  FKU and TAU are p r i n t e d  o u t  as a f u n c t i o n  of the s p a t i a l  
nodes. The func t i0n .B is  the  b l ack  body emissive power f o r  a f l u x  
c a l c u l a t i o n ,  t h e  Planck f u n c t i o n  f o r  an i n t e n s i t y  c a l c u l a t i o n .  
The o t h e r  two q u a n t i t i e s  are t h e  abso rp t ion  c o e f f i c i e n t s  (l/cm) 
and t h e  o p t i c a l  dep ths ,  r e s p e c t i v e l y  . 

The sixth set of d a t a  g i v e s  a d d i t i o n a l  d e t a i l s  about  t h e  
l i n e  group and t h e  l i n e  t r a n s p o r t  c a l c u l a t i o n .  For each l i n e  
group the continuum cabsorption c0e f f i c i en t . s  and t h e  a p p r o p r i a t e  
back bo6y f u n c t i o n  a t  the "average" frequency of the l i n e  group 
are given as a f u n c t i o n  of t h e  spatial p o i n t s .  T h e  p o s i t i v e  and 

nega t ive  continuum f l u x e s  (or  i n t cns i t i c s )  are given  a t  t h e  
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s p a t i a l  s t a t i o n  s p e c i f i e d  f o r  t h c  t r a n s p o r t  c a l c u l a t i o n .  A t  each 
of t h e  frequency p o i n t s  w i t h i n  tine l i n e  group ( f requency  i n t e r v a l )  I 
t h e  t o t a l  ( l i n e  + continuum) absorp t ion  c o e f f i c i e n t s  and o p t i c a l  
dept-hs are given as a f u n c t i o n  of t h e  s p a t i a l  p o i n t s .  The spectral 
f l u x  (o r  i n t e n s i t y )  i s  also given ( a t  t h e  one p r o p e r  s p a t i a l  p o i n t ) .  
An i n t e g r a l  over t h e  l i n e  group is t h e n  g iven .  F i n a l l y ,  t h e  quan- 
t i t y  CFIL ( t h e  d i s t a n c e  i n  frequency space covered by l i n e s )  is 
g iven  f o r  the l i n e  group. I n  terms of t h e s e  v a r i a b l e s  t h e  correc- 
t i o n  t o  t h e  continuum t r a n s p o r t  t o  account  f o r  l i n e  effects is  

l i n e  c o r r e c t i o n  = t o t a l  flux ( i n t e n s i t y )  - s p e c t r a l  
continuum f l u x  ( i n t e n s i t y )  kCFIL 

and i s  p r i n t e d  o u t  for  each l i n e  group i n  t h e  l as t  s e t  of data. 
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I 
SECTION 4 

SAMPLE CASES 

f 

Two sample cases are presented ,  I n  t h e  f i r s t  case, t h e  
The  sou rce  i s  a p lane  

t h i c k  a t  14000°K and - 1  atmosphere 
r a d i a t i v e  f l u x  a t  t h e  wall is  obtained.  
p a r a l l e l  slab of  a i r  
p res su re .  The data deck i s  shown in Figure  4.1.  The f i v e  sets 
of ou tpu t  d a t a  f o r  normal output  a r e  shown i n  F igures  4.2 t o  
4.6  and t h e  a d d i t i o n a l  sets for e x t e n s i v e  ou tpu t  i n  F igures  4 .7  

and 4.8. I n  t h e  second case, the f lux  a t  a boundary of a non- 
i so the rma l ,  p l ane  p a r a l l e l  slab i s  obta ined .  
the f u l l  C02-N2 system is  allowed. 
Figure 4 .9 .  

i n  F igures  4 - 1 0  t o  4.14. 

1 cm 

Transpor t  from 
The d a t a  deck is  shown i n  

The f i v e  sets of d a t a  for normal ou tpu t  a r e  shown 
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Figure  4.1 I n p u t  Deck 
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Figure 4.1 (continued) 
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Figure 4 , 1 (concluded)  c 
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Figure  4 . 9  Input Deck (Second Case)  
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SECTION 5 

OPERATING TROCEDURES 

Th i s  program i s  w r i t t e n  i n  FORTRAN V source  language, 
It  has  been run  on t h e  WIVAC 1108, the P h i l c o  2 1 2 ,  t h e  CCC 

6600 and var ious  s & r o u t i n e s  have been run, on t h e  IBM 1130 

a l though some modi f i ca t ions  t o  the source decks are r equ i r ed  i n  
t h i s  case. I t  e a s i l y  f i t s  wi th in  t h e  66K core  capac i ty  of t h e  1108 

computer; consequent ly ,  an overlay procedure i s  usua l ly  no t  re- 
qu i r ed .  . 

C a r d  i n p u t  and t a b u l a r  ou tpu t  are on units M a n d  $7, res- 
p e c t i v e l y ,  where M and N are def ined  i n  t h e  main rou t ine .  No 
s c r a t c h  t apes  or o t h e r  i npu t /ou tpu t  devices  are needed. 

A c o n t r o l  deck s e t u p  i s  shown i n  F igure  5 .1  f o r  t h e  UNIVAC 
1108.  Compiled decks are o f t e n  ob tz ined  from t a p e  s t o r a g e  as ' 

shown i n  t h e  f i g u r e .  D r u m  s to rage  i s  also commonly used f o r  t h i s  
machine, t h e  deck s e t u p  b e i n g  q u i t e  s i m i l a r  t o  t h a t  which is 
shown, 

A c o n t r o l  deck s e t u p  i s  shown i n  F igu re  5 . 2  for t h e  CDC 
Compiled decks are o f t en  ob ta ined  from comzon f i l e s  as shown 6600.  

i n  t h e  f igu re .  Tapes and permanent files are  also commonly used 
w i t h  this machine. 
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The 
These are: 

(1) 

( 3 )  

( 4 )  

SECTION 6 

CODE DESCRIPTION 

RAD/EQUIL code performs four n e a r l y  autonomous func t ions .  

I t  o b t a i n s  b a s i c  r a d i a t i o n  p r o p e r t y  d a t a ,  viz. frequency 

g r i d ,  l i n e  group p r o p e r t i e s  and & s o r p t i o n  c o e f f i c i e n t  
d a t a .  

It o b t a i n s  t h e  p r o p e r t i e s  of t h e  r a d i a t i n g  l a y e r ,  viz. . 

its s i z e ,  s p a t i a l  g r i d ,  r a d i a t i o n  boundary condi t ions  
and thermodynamic p rope r ty  d i s t r i b u t i o n  across t h e  l a y e r .  

I t  c a l c u l a t e s  continuum t r a n s p o r t .  

I t  c a l c u l a t e s  l i n e  t r a n s p o r t .  

The code per l 'oms t h e s e  f u n c t i o n s  through t h e  use of three primary 
computat ional  nodules .  

T h e . f i r s t  module pe r fo rms . func t ion  ( 2 )  and i s  d r i v e n  by 
Subrout ine  D A D I N .  Its m o s t  important  e lements  are Subrout ine I N -  

PUT (Reads t h e  chemistry i n p u t  da t a )  , EQUIL ( d r i v e s  t h e  equ i l ib r ium 
chemis t ry  and shock wave c a l c u l a t i o n s )  , THERM, CRECT, and MATER 

( a l l  c o n t r i b u t e  t o  t h e  chemistry c a l c u l a t i o n ) ,  RERAY (performs 
m a t r i x  i n v e r s i o n s  dur ing  chemistry c a l c u l a t i o n )  , NODEN (conver t s  
m o l e  . f r ac t ions  t o  number d e n s i t i e s )  and DADIN ( d r i v e s  t h e  module 
and c a l c u l a t e s  p a r t i t i o n  f u n c t i o n s ) .  

The second module calculates continuum t r a n s p o r t  and is  
d r i v e n  by Subrout ine  CONTN, Its most impor tan t  e lemcnts  are S&- 
rou t ines  MU ( c a l c u l a t e s  continuum abso rp t ion  coeff ic icnts)  , TRANS 
( c a l c u l a t e s  o p t i c a l  depths  and spectral fluxes o r  i n t e n s i t i e s )  and 
CO;<TN (drives the c a l c u l a t i o n  and perforins f requency i n t e g r a t i o n  
t o  o b t a i n  t o t a l  t r a n s p o r t  q u a n t i t i e s .  

The t h i r d  module c a l c u l a t e s  the l i n e  c o r r e c t i o n  t o  he addcd 
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I 

to the continuum transport and is d r i v e n  by Subrout ine  LIPJT. 

Its n o s t  impor tan t  e lements  are Subrou t ine  FXEQ (sets up the 

nodal grid in f r equency) ,  MULE ( c a l c u l a t e s  t h e  I.ina abso rp t ion  
c o e f f i c i e n t s )  I TIIWS ( c a l c u l a t e s  optical depths axl s p e c t r a l  
fluxes o r  intensities) 2nd LINT (drives t h e  c a l c u l a t i o n  and 
perform a frequency i n t e g r a t i o n  to obtain t o t a l  t r a n s p o r t  
q u a l i t i e s ) .  The l i n e  c o r r e c t i o n s  a re  ob ta ined  by t a k i n g  t h e  

difference betveen t h e  copbined ( l i n e  -t continuum) t r a n s p o r t  

q u a n t i t i e s  and the continuum t rnnspcu t  q u a t i t i e s  evaluated a t  
the "average" frequency- of the l i n e  group. T h i s  c a l c u l a t i o n  
is  also done i n  S&rou t ine  LINT. 

The f l c w  of t h e  logic i s  shown i n  F i g a r e  6 . 1  t o  6.9.  
B r i e f  d e s c r i p t i o n s  of t he  func t ion  of each sr ibrout inc are given 
i n  S e c t i o n  6 . 1  t o  6 .22 .  
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CALL RADIN I 
I TO READ I N  PERMANENT DATA 
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t 1 L I S T  NOKENCLATURE I 

 ASSIGN IIIPUT/OUTPUT UNITS [ 

I C A L L  DADIN I n 
TO READ IN CASE DATA AND 
CALCULATE PART1 T I O N  FUNCTIONS 

r, 
- 

-.1 

C A L L  NODEN 
TO CALCULATE THE NUKBER 

r 
I 
I 

7 '  

7 

J 
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FREQiJEN CY P 0 1 PITS 
- 

SPATIAL STATIONS 

LATION) OR BLACK BODY E M I S S I V E  POWER (FLUX 
CALCULATION) 

LOOP ON . I  1 .  
SPATIAL STATIONS JY 

1 AT H H I C H  . I TRANSPORT I S  TO 1 

TO CALCULATE TRANSPORT AT GIVEN 
SPATIAL STATION 

! E B U G  II~IFORIIlATION 1 
----I . .  

LOOP OTI SPATIAL 

.- 
TRANSPOIIT IS TO 
BE CALCULATED 

SPATIAL S l A T I O N  WHERE TRArISPORT IS  TO B E  CAL- 
CIJLATED 
--_I- 

--- 
..---c-p -_ 

'I'E OU PES C t T S  'OF CO;JT I f J U U I 1  CALCULATI 0E-J 
--..I_ --LI----.--.-.UI 

I 

I 
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. .  

b '  

--- -. 
CALL ZHV T O  OBTAIN LOH FREQUENCY PHOTOIONIZATION 

C O E F F I  CI  ENTS 
COI4TRlBUTIOf.IS FOR THE c8 0, N AND N+ ABSORPTION 

..- 4 
CALCULATE CONTINUUM CONTRI UTIONS TO THE ABSORPTION 

INCLUDED,  WHEN IJCRC (1 )  = 08 I T  IS NOT,  
C O E F F I C I E R T S ,  PI'HEN NCRC ( I  B = 1 8  T H E  CONTRIBUTION IS 

-------_-------------------------------------------- 
THE CONTRIBUTIONS ARE ADDED LINEARLY I N  THE FOLLOWING 
ORDER 

IHDEX ON 
NCRC( I 

1 
2 
3 
4 
5 
6 
7 

8 

9 

10 
11 

12 
13 
14 

15 
16 
17 

18 
19 

CONTRIBUTOR 

NITROGEN HIGH L I N E  SERIES 
OXYGEN HIGH L I N E  SERIES 
Nl (1-1 EAND SYSTEM 
N- PHOTODETACHMENT 
H- PHOTODETACH KE tJT 
0- PHOTODETACHME NT 

- I O N I Z A T I O N  
- NO BAND SYSTEMS AND PHOTO- 

N ATOI4IC PHOTOI ONIZATION 
EDGES 

0 ATOM1 C PHOTO I ON I ZATI ON 
EDGES 

Nt PHOTOI ON I Z A T I  ON ' 

02 - 

N2 

H2 

c2 

b co 

CN 
C 

C+ 
H 
C- 

BAND SYSTEMS AND PHOTO- 
DISSOCIATION 
BAND SYSTEMS 
EAf4D SYSTEKS 
BAND SYSTEMS AND PHOTO- 
IONIZATION'  
BAND SYSTEMS 
BAND SYSTEMS 
ATOI4I C PH07'0 I ON 1 ZAT I ON 
EDGES 
PHOTOI ON I ZATI ON 
PttO1'OIO[.~I %AT1 0:I 

Pi i  OT011E TAC tI f3L 1.1 T 

-@ I 

'I 

J 

7 
i 

Ll 

L* 

'1 

LL 

1- 

! 
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IS THE IF!CREF;EldT IN OPTICAL 
DEPTH ADJACENT 'ro THE I D N E R  
BOUT*iI!ARY CREf'iTEU TtlkN THAT r-- ADJACEiIT T O  TdE OUTER BOUNDARY? 

. 
F 1 

> R E V E R S E  THE . - COORDINATE SCHEKE 
YES 

> YES 

L 

EVALUP,TE THE S P  CTRAL 
FLux ( 1  m m  n J  I m m x s  
I N  THE NEGATIVE DIRECTION 
PIITHOUT FljXTI-iER CHA.!'!GES 
TO THE SPATIAL COORDINATES 

NO 

SYSTEI.1 WITH EQUAL INCRE!4EFITS 

\ I  I 
Y 1 

EVALU TE THE SP'CTRAL 
[FLUX ?INTENSITY! INTEGRALS I N  bHE FIEGATIVE DIRECTION I 

I 

REPEAT THE CA.LCULATIOF1 FOR THE r--, ( I  I.:TEI.:SI TY) It-ITEGRALS I i l  THE P.OS I T I E  D I  R E C T I  014 

I I 

LOG1 C DIAGRAM F O R  SU3ROUTIPIE TEl\ris 
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"b 

* 
C 

--. 

LOOP Or1 L I N E  G R O U P S  

. -. ., 

[ DEFINE L I N E  I E I D I C I E S  FOR CURRENT L I N E  GROUP I .  . 
-L' 

EXAM1 N E  FI E L D  DATA,  CALCULATE BLACK BODY FUNCTIONS L 
OBTAIN CONTl I:UU14 tiSSOiiPTIOI\I C O E F F I C I E N T S  

c G > 

TO OBTAIN FREQUENCY NODAL G R I D  W!TtIIN THE L I N E  GROUP 
CALL FREQ 

L.  
-- 

LOOP ON N U I G E R  OF 
SPATIAL S T A T I O N S  AT 

. WHj CH T R A N S P O R T  IS  
CALCULATED 

B 

CALL 1-RANS 

TO O B T A I N  CONTIF!UUM C O N T R I R U T I O N S  TO I 1  NE 
y' 

I WRITE OUT CONTINUUCI TRAICPORT R E S U L T S  

L 7. - . - .  
CALL MULE n 

, TO O B T A I  f4 LI t.IE A E S O R P T l  ON COEFFI C I  ENTS 
P U L E )  

L. I 

- A. 

' f  

.. i 
- 1  

I 

. I  
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FOR EACH L I N E ,  CALCULATE THE S T R E T C H 1  i.IG PARPIP!ETER 9 
(FGRTRAN V A R I A E L E  GAR);  AND, FROM IT ,  ESTNLISH T H E  
M I t J I M U M  FREQUEF:CY I H C R E K E N T  (GOR) AND T H E  D I S T A N C E S  

TO THE MOST REI":OTE NODAL P O I N T S  OF1 E I T H E R  S I D E  
O F  T H E  C E N T E R  FREQUENCY ( S M - A N D  SP) 

W I T H  A S P E C I F I E D  1-If:E GROUP 

B O U N D A R I E S  OF THE L I I I E  GROUP 
LINE GROUP H A S  ITS C E N T E R  FREOUENCY.~ i l ITHIPI  THE 

. 
* 

U S I N G  A l4E;fTOi!-RAPifSOfd I T E R A T I O N ,  
F A C T O R S ,  F (FORTRAN V A R I A E L E  FX), U S E D  TO 

E S T k B L I S H  THE GRCillTH OF T H E  INCREMENTS E E T t l E E N  
NODAL PO I NTS 

- 
CALCULATE THE Nb, P O I N T S  FOR THE PAIdTICUL-AR L I N E  ( F H V S T  

IN FREQUEt ICY.  S P A C E  
COVERED BY T H E  L I N E  ( C F I L )  

1 

C A L C U L A T E  T H E  TOTAL NUYGER O F  NODAL POINTS 
WITtIIPI THE L I N E  G R O U P  _---- 
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7 

1 

E N T E R  W I T H  A GIVEN 
F R E Q U E N C Y  POINT 

STAT1 ONS 

'LOOP ON LlN* 
WITHI t4 L I N E  

> GROl 

E S T A B L I S H  IDENTIlY OF L I N E  ACCORDING TO THE SCHEME 
-- LEVEL INDEX (ND) SPEC1 ES 

N I T R O G E N  
OXYGEN 
C A B  ON 
HYDROGEN 
N+ 
o+ 
C+ 

m _  . . 

AND THE LINE STRENGTHS 

tlr I 

p i - z S i A R K - 1  
H A L F  WIDTH 

YES 

-1 
7 
. 1  

-1 
1 

-1 
1 
TI 
- -1 
rr 'I 

CALCULATE THE LIr iE  
SHAPE FUNCTION DIRECTLY 
US 1 N G  NUPlER I CAL DATA 
FROM G R E I M  ET AL, ( R E F  , 4) 

-1 

1 
. A  

I CALCULATE TIIE C O N T R I R U T I  ON FROEl EACH LI!<E 7'0 
---- - rm ~ J I S O ~ ~ P T I  ___  O;J COW I C I  ENT I 
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R E A D  R A D I A T I O N  
A N D  C H E P I I S T R Y  C O N T R O L  

YES I S  T H E  T H E R M O C H E M I C A L  
D A T A  P A C K A G E  

TO B E  R E A D  I H ?  

N I C N ,  NY,  NI 
l 

IS A C O F I P L E T E  SET OF Y E S  

I L - A R E  T H E  O P T I C A L  
D O E S  T H E  P R O P E R T I E S  O F  T H E  c N o  

L A Y E R  H A V E  WALL T O  B E  R E A D  I N ?  

I 1 
U N I F O R M  P R O P E R T I E S ?  

Y E S  
.I 

YES I 1 R E A D  A V H ,  A H V L ,  
T M S \.I , T 1.1 S W L 

I I 

R E A D  I N  U E i I F O R M  
C O N D I T I O Y S  I N P U T  

4 
1- C H E E I I S T R Y  T O  1 I I S  C H E N I S T R Y  T O  1 1 BE ,CALCULATEI I ,?  1 

I -  .w I -* 
I 

!.. 1 

I 

F P . L C U L A T E  P A R T I T I O N  F U W C T I O N S  I 
r 

I WRITE O U T  T A B L E  I I 

E ' i y u x e  6.8 Logic D i q r x n  for Subrou t i . na  nnnIN 



E N T H A L P Y ,  M O L E C U L A R  

O B T A I N  P E O P E R T I E S  
OF S P E C I E S  

A N D  I N F L U E N C E  
C O E F F I C I E Y T S  

H A V E  T H E  E Q U A T I O N S  . Y E S  
C O N V E R G E D ?  

I No 

I N V E R T  N E K T O N  R A P H S O N  

C A L L  K E R A Y  

CRECT 0 TO V A K I A k L E S  
C A L L  C K E C T  

F i g u r e  6.9 L o y i c  Diagram for S u b r o u t i n e  I'Q'JIL 

7 

i 

"T 

. I  

' 1  

i 
.J 

-.  
C.1 

A 
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6.1 MAIN 
I 

T h i s  r o u t i n e  i s  t h e  program dr iver .  I t  t a k e s  no p a r t  i n  the  . 
c a l c u l a t i o n s  except  t o  convert u n i t s .  
F igu re  6.1. 

A l o g i c  diagram i s  given i n  

6.2 SUBROUTINE R A D I N  

Th i s  sub rou t ine  reatis i n  permanent d a t a ,  v i z ,  t h a t  d a t a  such 
as ' t h e  continuum frequency p o i n t s ,  t h e  l i n e  group boundaries  and ccn- 
ter f r e q u e n c i e s ,  t h e  number of l i n e s ,  f-nuvbers,  l i n e  width func t ions ,  
etc., which are a s s o c i a t e d  w i t h  t h e  phys ics '  of r a d i a t i v e  t r a n s p o r t .  

6.3 SUBROUTINE DADIN 

This  sub rou t ine  reads i n  case d a t a ,  v i z .  t h a t  d a t a  which de- 
f i n e s  t h e  thermodynamic s t a t e  ( temperature ,  p r e s s u r e ,  mole f r a c t i o n  
d i s t r i b u t i o n s )  of t h e  s l a b  o r  r a y  b e i n g  considered.  I t  also calcu-  
lates e l e c t r o n i c  p a r t i t i o n  func t ions .  

6.4 SUBROUTINE NODEN 

Th i s  s u b r o u t i n e  c a l c u l a t e s  t h e  number d e n s i t i e s  of t h e  r a d i a t -  
i n g  s p e c i e s .  

6 .5  SUBROUTINE TXANS 

Th i s  s u b r o u t i n e  e v a l u a t e s  the s p e c t r a l  t r a n s p o r t  i n t e g r a l s .  
Th i s  i n c l u d e s  o p t i c a l  d e p t h s ,  p o s i t i v e  and nega t ive  s p e c t r a l  f l u x e s  
(or i n t e n s i t i e s )  . 
6.6 SUBROUTINE CONTN 

Th i s  sub rou t ine  o r g a n i z e s  and d r i v e s  t h e  continuum c a l c u l a t i o n .  
I t  also i n t e g r a t e s  t h e  s p e c t r a l  t r a n s p o r t  q u a n t i t i e s  t o  o b t a i n  t o t a l  
q u a n t i t i e s .  

I 

6 .7  SUEROUTINE MU 

T h i s  sub rou t ine  s u p p l i e s  contiriuuin abso rp t ion  coezf icieii ts .  
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6.8 SUBROUTINE Z W  

T h i s  s u b r o u t i n e  does a p a r t i c u l a r  c a l c u l a t i o n  for Subrout ine 
I t  c a l c u l a t e s  t h e  l o w  frequency c o n t r i b u t i o n s  t o  t h e  continuum Mu; 

abso rp t ion  c o e f f i c i e n t s  from t h e  N ,  0, N + and C atoms. 

6.9 SUBROUTINE LINT 

T h i s  s u b r o u t i n e  o rgan izes  and drives t h e  l i n e  c a l c u l a t i o n .  
It also i n t e g r a t e s  t h e  s p e c t r a l  q u a n t i t i e s  t o  o b t a i n  t o t a l  quan t i -  
t ies .  

6.10 SUBROUTINE FREQ 

T h i s  s u b r o u t i n e  c a l c u l a t e s  t h e  nodal p o i n t s  i n  f requency used 
i n  t h e  line t r a n s p o r t  c a l c u l a t i o n .  

6.11 SUBROUTINE MULE 

T h i s  s u b r o u t i n e  s u p p l i e s  t h e  l i n e  abso rp t ion  c o e f f i c i e n t s .  

6.12 SUBROUTINE SLOPQ 

T h i s  i s  a general s e r v i c e  subrout ine .  Given .a s i n g l e  func- 

t i o n  of an independent  v a r i a b l e ,  it w i l l  c a l c u l a t e  s l o p e s  and/or 
i n t e g r a l s  of t h e  f u n c t i o n s .  
t i o n s .  

Cubics a r e  used as i n t e r p o l a t i o n  funC- 

6.13 SUBROUTINE OGLE 

T h i s  i s  a g e n e r a l  s e r v i c e  sub rou t ine .  Given  a s i n g l e  func- - 

t i o n  of an independent  v a r i a b l e ,  it w i l l  o b t a i n  i n t e r m e d i a t e  p o i n t s  
by cub ic  i n t e r p o l a t i o n .  

6.14 SUBROUTINE LOGLE 

T h i s  i s  a general  s e r v i c e  subrout ine .  I t  i s  e s s e n t i a l l y  the 

same a s  Subrout ine  OGLE except  t h a t  t h e  i n t e r p o l a t i o n  is done on t h e  
loga r i thm of t h e  vai-izbles.  
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(e .g. ,  en tha lpy ,  en t ropy ,  free energy,  s p e c i f i c  h e a t )  and t h e  equi- 
I l i b r i u m  c o n s t a n t s  a p p r o p r i a t e  t o  each formation react ion.  

6.20 SUBROUTINE MATER 

6.15 SUBROUTINE ISLDV 

Th i s  i s  a g e n e r a l  s e r v i c e  sub rou t ine .  I t  i s  e s s e n t i a l l y  t h e  
s a m e  as SLOPQ excep t  t h a t  t h e  logari thms of the dependent v a r i a b l e  

are. f i t t e d  t o  o b t a i n  t h e  s l o p e s  and i n t e g r a l s ,  r a t h e r  than  t h e  de- 
pendent v a r i a b l e  d i r e c t l y .  The r e s u l t i n g  s l o p e s  and i n t e g r a l s  are 
t h o s e  of t h e  f u n c t i o n ,  however. 

6.16 SUBROUTINE TRRP 

Th i s  i s  a g e n e r a l  s e r v i c e  subroutin;. I t  p e r f o r n s  i n t e g r a -  
t i o n s  us ing  s t r a i g h t  l i n e  i n t e r p o l a t i o n  formulas.  

6.17 SUBROUTINE I T F  _. 

This  i s  a s p e c i a l  service subrou t ine .  I t  i s  e s s e n t i a l l y  the 
s i i m e  as ISLDV excep t  where sub rou t ine  ISLDV o b t a i n s  s l o p e s  and in-  
t e g r a l s  a t  all t h e  p o i n t s  d e s c r i b i n g  t h e  func t ion .  Subrout ine I T F  

cons ide r s  those only  w i t h i n  a s p e c i f i e d  range. 

6.18 SUBROUTINE EQUIL 

This  sub rou t ine  is t h e  program d r ive r  for  t h e  chemistry cal- 
c u l a t i o n .  I t  con ta ins  t h e  basic i t e r a t i v e  l o g s  fo r  t h e  Newton- 
Raphson procedure.  When shock wave s o l u t i o n s  are t o  be obta ined  
t h e  p r e s s u r e  and en tha lpy  s p e c i f i c a t i o n s  are r ep laced  by t h e  momen- 
tum and energy e q u a t i o n s ,  r e s p e c t i v e l y .  The i t e r a t i o n  proceeds as 
before, y i e l d i n g  the coupled s o l u t i o n  au tomat i ca l ly .  



6 . 21 SUBROUTINE CRECT 

T h i s  sub rou t ine  c a l c u l a t e s  t h e  corrections t o  l o g  p a r t i a l  
pressures of t h e  non-base s p e c i e s .  I t  s c a n s  a l l  c o r r e c t i o n s  and 
de termines  maximum damping f a c t o r  which w i l l  permi t  a l l  c o r r e c t i o n s  
t o  s a t i s f y  c e r t a i n  c o n s t r a i n t s .  It then corrects t h e  v a r i a b l e s .  

6.22 SUBROUTINE INPUT 

This s u b r o u t i n e  reads i n  t h e  chemis t ry  i n p u t  package. 

6.23 SUBROUTINE RERAY 

T h i s  is a g e n e r a l  purpose mat r ix  i n v e r s i o n  subrou t ine .  
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SECTION 7 

FORTARAN V,ZRIABLES LISTING 

A l i s t  of nomenclature follows which def ines  the  F O R T l W  

variables. 
of the program are given i n  Figure 7.1; w h i l e  those used p r i -  
marily i n  t h e  chemistry ca lcu la t ion  are g i v h  i n  Figure 7.2 

T h e  va r i ab le s  used prj-marily i n  "&e r a d i a t i o n  aspects 
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. .  

'I 
i 

-T 

f 
t 

--! 

"L 

F'ORTt?AN VARIABLES L I S T  

"1 

.1 

- ?  

AA 

A A A  

AH 

A m  

ABER 

ABSVA 

ABX 

AC 

ACC 
, 

ACH 

AHV 

AHVL 

ALF 

' ALPHA 

1 ALPT(N) 

ERROR COEFFICIENT AkKAY I N  CHEMISTRY SOLUTION9 N PERTAINS C EQTCOM 
TO EQUATIUN kHEHEAS IJIJ PERTAINS TO VARIABLE. 

PRODUCT OF PRESSURE TIMES MOLECULAR WEIGHT. C EQTCOM 

DEFUNCT VARIABLE9 SET TO UNITY. C EQPCOM 

L O C A L L Y  DEFINED VARIAaLE L SLOPQ 

L O C A L L Y  DEFINED VARIABLE L SLOPQ 

AB'SOLUTE VALUE OF RATIO OF A MASS BALANCE ERROR T O  LARGEST L MATER 
TERM I N  THAT MASS BALANCE. 

ABSOLUTE VALUE OF CONTRIBUTION OF A SPCIES TO A MASS L MATER 
BALANCE. 

ABSOLUTE VALUE OF L 3 G  CORRECTION ON TEMPERATURE. L CRECT 

L O C A L L Y  DEFINE3 VARIABLE L SLOPQ 

L SLOPQ L O C A L L Y  OEFINED VARIABLE . 

MACH NUMBER L OUTPUT 

WALL EMMITTANCE FOR CONTIlJUUM SPECTRAL POINTS C RAD 

WALL EClMITANCE F O R  L I N E  GROUPS C RAD 

DERIVATIVE OF L O G  MOLECULAR WEIGHT WITH RESPECT T O  L O 6  L EOUIL 
TEMPERATURE A T  CONSTANT YHESSURE 

ALPHANUMEHIC NAMES UF RADIATING SPECIES L DADIN 

NUMBER OF ATOMS OF At4 ELEMENT WITbI I + T O l r I C  NUMBER J A T ( N )  I N  L INPUT 
A SPECIES. 

ALPHANUMEgIC V ~ R I A B L ~ ~  FIRST UF TWO PORTIONS OF SPECIES L INPUT 
NAME. 

ALPHAllUt4EHIC VARIAULE, SECOND OF TWO PO2TIONS OF SPECIES L INPUT 
NAME. 

SAVED ARRAY A(NINN) DURING ItdVERSIOlJ. L E W I L  

-7 
i 

-1 
I 

c .I 

'T 
! 
A 
7 

- 1  
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AHPH 

ATC (K 1 

8 

BEE 

BEE 

BEEW 

8EEW 

B E T A  

6ETH 

8s (N) 

BULP 

BUMP 

C (K) 

c1 

c2 

c3 

c4 

E L E H E N T A L  MASS F R A C T I O N  OF ATOM. L E Q U I L  

M A X I M U M  C O N T R I B U T I O N  TO C A L C U L A T I O N  O F  AN AHPH. L EOUIL 

ALPt iAF4UMERIC V A H I A d L E t  FIRST OF T H R E E  P O R T I O N S  O F  E L E M E N T  C Er lPCOM 
NAME. 

A L P H A ? i U M E H I C  V A R I A B L E ,  SECOI..(O OF T H R E E  P IORTIONS OF ELEMENT C EQPCOM 
NAME 

A L P H A M U M E S I C  V A R I A B L E  v T H I K D  O F  THREE P O R T I O N S  OF E L E M E N T  C EQPCOE.1 
NAHE 

LINE S H A P E  F U N C T I O N  ( A S  I T  A P P E A R S  I N  E Q U p T I O N  42 
OF REF. 1) 

L M U L E  

PLAIJCK F U N C T  Xoh F O R  I N T E N S I T Y  C A L C U L A T I O N S ,  B L A C X  8.OOY L C O N T N  
EMISSIVE POWER FOR F L I J X  C A L C U L A T I O N S  

P L A N C K  F U i K T X O N  F O R  I N T E I J S I T Y  C A L C U L A T I O N S ,  B L A C K  BODY L L I N T  
EMISSIVE POWER F O R  FLUX C A L C U L A T I O N S  

PLANCK F U N C T I O N  ( F O R  I N T E N S I T Y  C A L C U L A T I O N )  O R  B L A C K  BODY L C O N T N  
E M I S S I V E  POWER ( F L U X  C A L C U L A T I O N )  A T  Ti l€ W A L L  

PLAMCK FUNCTIO i ' I  ( F O H  INTEI 'JSI  T Y  C A L C U L A T I O N )  OR B L A C K  BODY L L I N T  
E M I S S I V E  POHER (FLUA C A L C U L A T I O N )  A T  T H E  d A L L  

ALPHANUM.ERIC NAKES OF A T O M I C  AND I O N I C  R A D I A T I N G  S P E C I E S  L D A O I N  

D E R I V A T I V E  OF LOG MOLECULAR W E I G H T  W I T H  R E S P E C T  TO L O G  
PRESSURE A T  C O N S T A N T  TEMPEHATURE. 

SAYED A ~ R A Y  OF U(N) DURING INVERSION. L E Q U I L  

L O G  (BUMP)  L C R E C T  

10*"4 * P, C O N S T R A I N T S  O N  C O R k E C T I O N S  ARE G E L A X E O  FOR L CRECT 
P A R T I A L  PRESSU9ES B t L G d  THIS VALUE. 

L EauIL 

GRAM ATOMS OF E L E M E N r  K I t J  A MOLECULE. L I N P U T  

=1 FOR U N I F O H I 4  C O N D I T I O N S ,  N O T = 1  F O R  N O N U N I F O R M  C O N D I T I O N S  C R A D  

= D E L T A  F O R  I N T E N S I T Y  C A L C U L A T I O N *  = Z * D E L T A  FOR F L U X  C RAD 
C A L C U L A T I O N  

= O  I f  A FULL SET O F  NE\+ D A T A  IS T O  BE READ, N O T  = O t  I F  C R A D  
ONLY T H E ~ ? M O O Y N k M I C  AND P A T H  L E N G T H  D A T A  IS T O  UE READ IN 

= O  WHEFI A NEW CASE FOLLO' I ISt  =1 FOR L A S T  C A S E  C HAD 



CASE 

C F I L  

CF I L  

CHFLUX 

. CH(N1 

C I  J (K  r KK)  

CP(J) 

CPA 

CPF 

CPG 

CSP 

DELTA 

D I H  

D I P  

01v 

DIVC 

DTD 

OTM 

DTU 
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ALPHAhUMEHIC NAME OF- CASE BEING HUN 

TOTAL DISTANCE I N  FHLQUENCY SPACE COVERED BY L I N E S  
(SUMNED OVER L I N E  CROUP) 

TOTAL DISTANCE 14 FREQUENCY SPACE COVERED t3Y L I N E S  
(SUMNED OVER L I N E  GtiiOUP) 

LESS THAN ZERO VALUE I M P L I E S  PRESENCE OF CHkH ELEMENTS I N  
SURFACE CHEMISTRY 

CURVE F I T  CUNST4NTS F O R  THEHMODYNAMIC DATA I T H E  QUANTITY 
F 2  H298  DISCUSSED I N  GROUP 12 OF INPUT 1NSTRUCTlONS N = l  
FOR LON AND N=2 FOR h I G H  TEMPERATURE RANGE 

GRAM ATOM OF ELEMENT K I N  BASE SPECIES KK. 

SP-ECIFIC tlEAT. 

L O C A L L Y  DkFINED VARIABLE 

FROZEN S P E C I F I C  HEAT9 IDENTICAL TO CCPF 

FROZEN S P E C I F I C  HEAT OF GAS, IDENTICAL TO CCPG . 
E Q U I L I B R I U N  SPECIF IC  HEAT OF GAS. 

SLAB THICKNESS (CM) FOR FLUX CALCULATION, OVERALL LENGTH 
OF RAY (CHI FOR INTENSITY CALCULATION 

THE DIFFERENCE BETWEEN F I I N T  AND THE CORHESPONDING 
CONTIf$JUM FLUX (OR INTENSITY) 

THE DIFFERENCE BETWA FIIPT AND THE CORRESPONDING 
CONTINUUM FLUX (OH INTENSIT ' I )  

ROW NORMALIZING FACTOR I N  GAUSSIAN ELIMINATION. 

PRODUCT OF ' D I V '  AND ELENENT OF Hod. 

DOilN'nlAKD T E M P ~ K A T W  STEP USED IN SEEKING SURFACE EQUILIB- 
R I U1.i SOLUT I ON 

L I M I T  VALUE OF DELTA ( l . / T )  I N  CHEMISTRY SOLUTION. 

C WAD 

L FKEQ 

L L I N T  

L EQUIL 

C EQPCOM 

E EQPCOM 

C EQTCOM 

L MATER 

C EQTCOM 

C EQTCOlY 

L E Q U I L  

C RAD 

L L I N T  . 

L L I N T  

L REHAY 

L REHAY 

L EQUIL 

L CRECT 

UPWARD TEMPERATURE STEP USED I N  SEEKING SURFACE EQUILI t3RIUML EQUIL 
SOLUTION. 

L INPUT 

BASHOLI SIGMA A h D  Et'UVKK, HESPECTIVELY L INPUT 
L INPUT 

L O C A L L Y  INPUT VAHIAt3LESr I F  NON-ZERO ASSIGNED TO F I T M O L ,  L INPUT 
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I 

i 
t 

DUM 

DUM 1 

OUM 1 

DUM1 

DUM2 

DUM2 

DUMP 

DY (J) 

E (N) 

EB (K) 

Et3L (K) 

ECD ( N l  

ECRP 

EER 

EESE (N) 

EHS 

EL 

EMS8 

EMS8L . 

EMSW 

EMSWL 

EMT 

L O C A L L Y  OEFINEU VAHIAdLE L E O U I C  

LOCALLY DkFINED VAHIAHLE L CHtCT 

L O C A L L Y  D t F  INEO V A R L A d L E  L EOUIL 

L O C A L L Y  OtFIF.XU VARIABLE 

L O C A L L Y  DEFIfdEU VARIABLE 

L MATER 

L E Q U I L  

LOCALLY DEFINEU VARIABLE L HATER 

P * 1 0 * * ? r  LIEiIT PRESSURE 1I.J CONTRCLLING DAMPING OF CHEM- C CF?ECT 
LSTRY SOLUTION. 

CORRECTION ON VARIAbLE Y (J)* I N  CHEMISTRY SOLUTIOFI. C EQTCOM 

ERRORS I N  CHEMISTRY EQUAfIONS (PIASS BALANCE E R R O R S  FOR N C EQTCOY 
EQUAL TO OR LESS T H A N  IS*+ EOUILIki i t IUM E l i R O R S  FOR N GHEATEH 
THAN Is0* !dtiERE IS* I S  NUMBkti OF ELEriENTS INCLUOING ELLC- 
TRON) . 
MAGNITUDE CIF LARGEST CONTRIt5UTION TO K TH MASS BALANCE. C EQTCOM 

MINIHUM CUNTRIBUTION ACCEPTED T O  K TH MASS B A L A ~ C E P  C EQTCOM 
+ E 8 1  (10**8) 

RESIDUAL EHROR I N  COI'~DENSED EOUILIBRIUbl IMPOSED I N  CHEHIS- L MATER 
TRY SOLUT IOEi AS A CUNSEQUENCE OF BOUNOARY LAYER DA:*lPING. 

L I M I T  CHANGE CF CONUtE.rSED SPECIES QUANTITIES CURING CtiEMIS-C EQTCOM 
TRY ITERA 1 ION. 

EOUILIBKIUM ERROR OF CONOEbl~ED SPECIES BEING INTRODUCED L MATER: f DURING CURRENT ITERATION. 

RESIDUAL ERROR I r i  MASS BALANCE IMPOSED IN CEEMISTRY SOLU- L MATER 
TION AS A CONSEQUENCE O F  80UNL)AHY LAYER DAI4PING. 

ERROR I N  ENTHALPY OR ENTROPY FOR ASSIGNED ENTHALPY OR EN- L HATER 
TROPY CHEMISTRY SOLUTIONS. 

MAXIMUM EOUILIURIUM ERRORy IDENTICAL TO EEL C EQTCOM 

N 0 T CUR R E N T L Y US E 0 L DADIN 

NOT CURRENTLY USED 

SAME AS AHV 

L DADIN SAME AS AHVL 

NEGATIVE EblISSIVITY OF THE LAYER (EQUATION 65 OF REF. 1) L TRANS 



ENL 

Ef 

EPOVRK 

EPS 

EPT 

Ett 

EX 

FF 

' F f ( J )  

FFA 

FFF 
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. .  

F F I N  (J) 

FHV 

FHVC 

FHVM 

FHVP 

FHVS 

F l  I M  

F I I K T  . 

F I I P  

HAX'IMUH MASS BALANCE ERROW 

ERROR I N  OVEHALL PRESSURE BALANCE. L HATER 

EPSILON/K. GF HEFEHtl\lCE SPECItS I N  OLFFUSION CALCULATIONS C EQTC0I.I 

ELECTRONIC EIdERGY LkVEL C RAD 

POSITIVE EMISSIVITY UF THE LAYEH (EQUATION 64 OF REF. 1) L TRANS 
, 

ERROR I N  MASS t3ALANCt RELATION. L HATER 

TEMPERATUHt EXPONENT FOR STARK BROAOENING (AS USED IN L MULE 
EQUATION 44 OF REF. 1) 

F NUMBER UF INOIVIOUAL L INE I F  AN UNLUMPED LOk!ER LEVEL C RAD 
IS USED. OTHERWISE I T  = G ( I j * F / G E E ( L )  WHEiit: G ( T )  IS THE 
STATISTICAL WT OF TriE ABSORdIIUG LEVEL AND GEE(L) I S  THE 
STATISTICAL WT OF ThL COMaINED LEVEL USED I N  THE 
CALCULATION 

OIFFUSION FACTOR INTHOOUCED t3f THE APPROXIMATION FOR DIFFU-C EGPCOM 
SION COEFFICIENTS BY E Q ( 1 9 )  OF NASA CR-1062. -% 

POWER ON MOLECULAR HEIGHT IF IT IS ASSUMED THAT THE DIFFU- c EOPCOM 
SION FACTUHS, FF(J)  9 Af7E PROPORTIONAL TO SPECIES HOLECULAR 
VEIGHTSI WTM(J) ,HAIbED TO A PO'IIER. 

R4TIO OF GAS MOLECULAR WEIGHT TO 'VMU2'. L MATER 

DI~FUSION FACTOR, FF(JI . WHX,CH IS READ IN. L INPUT 

MEAN FREQUENCY OF L I N E  GROUP C RAD 

FREQUENCY OF A CONTIlJUUM SPECTRAL POINT C RAD 

LOMER FREQUENCY L I M I T  OF L I N E  GROUP C RAD 

UPPER FHEQUENCiY L I M I T  OF L I N E  GROUP C RAD 

VALUES OF L I N E  FREQUENCIES WITHIN L I N E  GROUPS L L I N T  

INTEGRAL OVER I H E  SPECTRUM OF THE FLUX (OR INTENSITY) L CONTN 
DIRECTED A W A Y  FHOI.1 THE WALL 

THE T O T A L  ( L I N E  .AND CONTIPIUUM) FLUX ( O R  INTENSITY) L L l N T  
ASSIGIJED TO k PARTICULAR L I E €  GROUP AND DIREClED AWAY FRO14 
THE WALL 

INTEGRAL OVER THE S?tCTRUM O F  THE FLUX (OH INTENSITY) L CONTN 
DIRECTED TOWARD THE HlALL 

. .  

i 
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F1 I P T  

f I M  

FIM 

F I M I  

F I M O  

F I M O  

F I P  

F I P  

F I P I  

F IPO 
3. 

F I P O  

FL 1 

f L 2  

FLG 

FLGl 

I FMU 

FMU 

FMU 

ft.rU(K'1 

FH 

FHN 

THE TOTAL ( L I N E  AND CONTIfiIUUM) FLUX (OH INTENSITY)  - ASSIGNEO T O  A PARTICULAR L I m  G ~ O U P  AND DIFECTEU TOWARO 
THE WALL 

CONT LNUUZI 
THE WALL 

CONT I EIUUM 
.FROM !JALL 

CON i INIJUM 

S P ~ C T H A L  FLUX (OR INTENSITY)  DIRECTED A'rlAY FROM 

SPECTRAL FLUX (OR I N T L N S I T Y )  DIRECTED AUAY 

RAOIATIVE FLUX AWAY FROM WALL (WATTS/CM2) 

THE SAME A S  FIM, EXCEPT THAT IT IS A T  THE NEXT LOWER 

THE SAME AS FIM, EXCEPT THAT IT IS A T  THE NEXT LONER 

SPECTRAL POINT 

S P E C  rRAL POINT 

COFJTIFIUUM SPECTRAL FLUX (OR I ivTENSITY 1 DIRECTED TONARD 
THE WALL 

CONTIb!UU;4 SPECTRAL FLUX (OH INTENSITY) DIRECTED TONARD 
THE iJALL 

CONTINUUM RADIATIVE FLUX TO'JIAHD SALL (dATTS/CMZ) 

THE SAME AS FIP, EXCEPT THAT I T  IS A T  THE NEXT LOLJER 
SPECTRAL POINT - 

THE SAME AS FIP, EXCEPT THAT IT IS AT THE NEXT LO~JER 

= i  FOR INTCNSITY CALC., =2 EOH FLUX CALC 

SPECTRAL POINT 

SAME AS FL1 

= O  F O R  NOHI4AL PRINT-UUT 9 N07=0  FOR EXTENSIVE PRINT-OUT 

= O  FOR INTENSITY CALC,  NOT=O FOH FLUX C A L C  

CONTINUU:~ AUSOHPTIOIJ COEFFICIENT 

COPIT INUUM ABSOtiPT I ON COEFFICIENT 

THE CONTRI~UTION TO THE AaSOiiPTIOIJ DUE TO A PARTICULAR 
L I N E  . 
VNU (J  3 K 1 t-UR Cclf!t?ENT J c 

SPECIES MOLE FRACTION 

. 

L L I N T  

L CONTN 

L L I N T  

C RAD 

L CONTNZ 

L L I N T 2  

L CONTN 

L L I N T  

C RAD 

L CONTNZ 

L L I N T 2  

C RAD 

C RAD 

C RAD 

C RAD 

L CONTN 

L L I N T  

L WULE 

C EQTCOf4 

C RADCOH 

L CONTN 



f HP THE SAME AS FIP L CONTN 

L. EQUIL 

L MULE 

ISENTROPIC EXPONENT. 

LORENTZ HALF WIDTH A T  HALF lNTENSITY 

DEFINED BY EQ(79) O F  NASA CR-1064. 

GAM 

GAM 

GAMF (K 

CAMH (K) 

'C EQTCOM 

C EQTCOM DEFINED BY EO(8O) OF NASA CR-1064. 

HALF L I N E  8REDTH PER ELECTRON AT lOtOO0 DCG K 

L I N E  STRETCHING PARAMETER (DEFINED BY EQ. 71, R E F  1) 

GAMP C RAD 

GAR L FREO 

GEE STATISTICAL WEIGHTS OF ABSOf33ING (LOWER) LEVELS C RAD 

COR FREQUENCY INCREMENT BETWEEN L INE CENTER AND ADJACENT NODE L FREQ 

GUP STATISTICAL WEIGHTS OF THE UPPER LEVELS OF THE L I N E  C L I N E  
TRANSITIONS 

1 H(J)  

HCH 

ENTHALPY, IDENTICAL TO HH . C EQTC0i.I 

CHAMBER (OR STAGNATION) ENTHALPY. L EQUIL 

ENTHALPY OF SURFACE SPECIES DURING K R ( 9 )  + 3 OK 4 OPTIONS. C EGPCOM ~ HCWAL 

HG 

Hti  

HH (J) 

1 HXP 

ENTHALPY OF GAS9 If IENTICAL T O  HHG . C EQTC0t.I 

ENTHALPY OF MIXTURE (BTU/LBf C RADCOM 

ENTHALPY , I O E N T  ICAL TO H ( J) *; C EQTCOM 

ENTHALPY INPUT, C EQTCOM 

HM(J)  I F  J TH SPECIES IS. CHANGING PHASE, OTHERWISE 0. C EQTCOH 

3 ENTHALPY OR ENTROPY OF SPECIES I N  ASSIGNED ENTHALPY OR EN- L HATEH 
TROPY CHEMISTRY S O L U I  ION. 

EN2 tiALPY UPSTRk AM OF SHOCKWAVE (BTU/LB) C KADCOM 

I 

' HS 1 HV CONTINUUM FREQUENCY POINT L M U  1 HVL FRLQUEIKY~OF AN INDIVIDUAL LLkE CEtJTEH c L INE 

C L I N E  i IA 

L I N E  GROUPS I N  KHICri SP tC IAL  H LIf4ES ARE LOCATED (ONE PER 
GROUP) 

I S  (K) INDEX 014 SPECIES d 1 T H  LARGEST C O ~ \ l l ' h ' l H U T I O N  TO K TH MASS 
BALANCE 9 S U ~ S L Q U E N I L Y  ORDERED ON I B W I TH OUPL I C A T L S  SET 
T O  1000.  

C f Q T C O M  

7 
d L INPUT I C ( K 1  NEGATIVE 1 N D L X  OF ELEEICNT COWt5PONDING TO KTH HASE 

5 P f  CIES 

. .  

'9 
& 
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I C 1  . , CYCLE COUNTER ON POS'F lFJVERsION MODIFICATIUN I N  CHE:I ISI@Y L EOUIL 
SOLU T. I ON 

I E  

Ikt? 

I F C  (J) 

16 

Ici 

I L  

IM(K) 

I M  I 

I M J  

I M L  

I N  

I N P  

INY 

IO 

I U Q  ' 

I R  ( K )  

Eauarxorr LNDEX FOH commsw SPECSCS. L !-!ATEH 

EQIJ4T 1OP1 NUidUER 71) hEP"ESEN: riE;rLY APPELil I N 6  CONDEN5ED' c EQTCObl 
SPECIES 

COI'ITHOL FLAG (0 GAS, -1 FiOI~PIIEStNT CONDE~~SEDI  1 PRESENT C EQPC0t-i 
CONOEPiSED9 P R I O R  FLAbS DECRE~~~ENTEO 8 Y  3 1F SPECIES COt4lAINS 
NONPHESEfrT E C E K E N r  U H  INCHEi-1kN'liiD f3Y 3 IF I T  IS A 'JASE SPE- 
C I E S  REPHESZNT IIJG A NOt*IPHESEI\rT ELEMENT 1 

NOMINALLY ZEHOt EOUACS OElE UPJ FIRST SET .OF OOUND:\RY LAYER L EQULL 
-CHEMISTRY SOLUT1O;dS. F I R S i  GUESS A T  I I S  SOLUl ION A T  

1-1'3. 

ELI t4 INATION I N D E X  I N  HASE SPECIES-ELEMENT COHRESPONCENCE L INPUT 
LOGIC. 

INDEX O N  F I R S T  CHEMSSTRY EOJATION TO BE SOLVED (1  FOR UN- C EQTCOM 
KNONN T AND 2 FOR KNOWN T )  

RON AND COLUMP~ INGFX IN I r u m s I o N  OF CIJ TO UM. L INPUT 

LOCAL I l lDEX L INPUT 

L O C A L  I N D E X .  L 1riPu-r 

L O C A L  INOEX L INPUT 

NUMBER O F  EQUATIONS BEING SULVED (HAS T i t €  VALUE O F  THE LO- C EQTCOM 
C A L  VARIABLE ISFQ I F  TEMPERATURE IS UNKNOdN OR ISPQ-1 I F  
TEMPERATUeE IS KNOWN) a 

I N  2 L CRECT 

F L A G  OH RESTART OF CHEMISTRf (PERMITS ONLY ONE RESTART) L E U U I L  

FOR EACH IuON-RASE GASEOUS SPECIES I N l T I A L I Z E O  T O  ZERO9 SET L t.!ATER 
TO Ob€ IF  SPECIES IS SIGNIFICANT I l h l  AtdY MASS BPLAECF.. 

DEtjUG(-2) AND NONCONV€RGENT1-1) FLAG ON CALL TO APIO liETUHN L EQUIL 
F R O M  REiIAY, RESPECTlVELY. 

CORRESPONDENCE VECTOK 3ETWEEN BASE SPECIES AND ELEMENTS. C EQPCOM 

I kE  . INDEX ON NEWLY APPEAHING C O W E N S E I )  SPECSES. .. C EQTCOM 

I SP SAME AS I S P  I N  INPUT. L E Q U I L  

I SP (IS*) 1 WHERE IS* IS THE NUClUER OF ELEMENTS INCLUDING L INPUT 
ELECTRON 0 
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I SPQ 

I TFF ' ITS 

. I X  

I 2  

J 

J 

J .  

J 

j J  

i JM 

a 

NUMBER OF EQUATIONS SOLVED I N  CHEMISTRY SOLUTIONS, 1s 
'NUMBER OF PHESEtJT COIJOENSED SPECIES. 

NEGATIVE COUhT ON SUCCEEDING> CHEMISTRY SOLUTIONS WHICH 
WILL ACCEPT RESIDENT SOLUTION AS F I R S T  GUESS 

COUNTER FOH CHEt4ISTKY ITERATIOFJS 

DEBUG FLAG. 

NUMBER OF ELEMENTS IrUCLUDING ELECTRON, IDENTICAL TO I S * *  

LOCAL INDEX - 
LOCAL INDEX 

L O C A L  INDEX 

LOCAL INDEX 

LOCAL INOEX 

J-1, WHERE ' J '  IS BASE SPECIES COUNT. 

LOCAL INDEX 

LOWEST INDEX (K1) AND HIGHEST INDEX (K2) ON THE L I N E S  I N  
A G I V E N  L l N E  GROUP 

ATOM I C NUPlBER. 

L O C A L  INDEX - 
PHASE INDEX FOR A SPECIES, 1 + 6 A S ,  2+SOLID,  3+L IQUID.  

CHEMISTRY CONTROL NUMBERS 

RADIATION CONtROL NUMBERS 

INDEX ON COLUMNS DUHlNG INVERSION. 

L I N E  COUNT I I Q E X  (FOR OUTPUT PURPOSES ONLY) 

L EOUIL . 

L EQUIL  

L RERAY 

C EQPCOM 

L CRECT 

L E Q U I L  

L INPUT 

L MATER 

L THERM 

L INPUT 

L E Q U I L  

C L I N E  

C EQPCOM 

L INPUT 

L INPUT 

L OADIN 

C INTCOM 

L RERAY 

L L I N T  

UPDATE LEF I F  EQUAL TO ZERO ( * H I T S  11-2 FOR BOUNDARY LAYER L EQUIL  
SOLUTION, O T H E H N I S E + l )  

R o d  INDEX OF P IVOT FOR NTH COLUMN. L RERAY 

COLUMN ItJUEX OF PIVOT FOR NTH ROW. L REHAY 

INDEX USE0 T O  ktIAHRANGE COLubWS I N  HERAY (SEE L A R )  L RE2AY 

. 



L 2  

L3 

H 

M 

H 

M 1  t M 2  

MELT 

MODE 

MOE 

N 

N 7  

N A E S  

NBLP 

NCRC 

NCV 

ND 

NF M 

NtiV 

N I  

NIC 

N I C K  

NICN 

N I HVC 
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INDEX ON PYROLYSIS GAS CO?.IPONENT 

INOEX ON CHAR COMPONENT 

DESIGNATES INPUT UNlT ( E . G . 3  TAPE) 

L O C A L  INDEX 

L O C A L  INDEX 

C EQTCOM 

C EQTCOM 

C INTCOM 

L CHECT 

L INPUT 

ALPHANUMERIC NAMES OF THE RADIATING SPECIES C RAD 

I NOEX ON PHASE C I i  A N b  1 PIG SPEC I ES C EQTCOM 

STORED VALUE FCR KR(1) "o  C EQTCOM 

F L A G  SET 1N EQUIL AND USEO I N  CIIECT. ZERO RESULTS I N  EH- L EQUIL 
PHASIZING EQUILIBRIUM EQUATIONS DURING CHEHISTHY CWVER- 

s 

GENCE, ONE RESULTS IN EMPHASIZING MASS UALANCES. 

DESIGNATES OUTPUT UNIT (EoGo,TAPE) C INTCOM 

ITERATION AT WHICH OLAG?JOSTIC OUTPUT WILL CCMNENCE . 1 EQUIL 

NUX3ER OF ATOMIC ELECTRONIC LEVELS (SUM OVER ALL SPECIES) C RAD 

NUMBER OF SPATIAL NODES ACROSS THE BOUNDARY LAYER (NOT C RAD 
NECESSARILY EQUAL TO NY) 

USEO T O  DETERMINE Wt-ilCH CONT'INUUE.1 CONTRIBUTERS WILL BE I N -  C CON M 
CLUDEDo = 1  INCLUDES, = O  EXCLUDES 

PiONCONVE~bENCE COUElT t I N I T I A L L Y  ZERO t INCREMENTED BY Oh€ 
F O R  EACH NONCOIJVERGENT CHEMISTRY SOLUTION. 

INDEX ON GROUND LEVEL OF TRANSITION 

NUWER OF SIGNIFICANT SPECIES PLlJS NURSER CF PlOtlPt-ESENT 
ELEMENTS 

NUHBER OF L I N E  GROUPS 

YY IEIOEX WHERE CINE COORDINATES ARE EVALUATED 

NUMBER O F  Y/DELTA POINTS WHERE TRANSPORT IS-CALCULATED 

NUMBER OF SFECIES CONSIDERED IN CHEMISTRY CALCULATION 

I N D I C I E S  ON Y/DELTA VALUES WHERE TRANSPORT IS CALCULATED 

T O T A L  NUMUER OF CONTINUUM Sf>ECTHAL POINTS 

L EQU L 

C HAD 

L HATER 

C RAD 

C L I N E  

C RAD 

C EQPCOM 

C RAD 

C R A D  



. .  

. &  

NK 

NLG. 

NLC 

NLG 1 

M L G l  

NM 

PIN 

"N 

NOL 

NP 

"R 

NSHV 

NU 

NX I 

NY ' 

OT 

P 

P I N  

P I N  

P I N L  

PLM 

PNUS(K) . 

PKES 

Qr( 

RA (N) 

-'8 2- 

THE tJ'UM8EY OF FHEQUEhCY POINTS ASSIGNED TO EACH L I N E  
EQUALS 2*NK+ 1 

THE SAME AS FLG EXCEPT THAT I T  IS A F IXED POINT VA21A8LE 

THE SAME AS FLG EXCEPT THAT I T  IS A FIXED POIkT VARIABLE 

THE SAME AS F L 6 1  EXCEPT THAT I T  I S  A F IXED POINT VARIABLE 

THE SAME AS F L 6 1  EXCtPT THAT I T  I S  A F IXED POINT VARIABLE 

NUMBER OF ROWS LESS ONE 

NUMBER By WHICH CULUMidS EXCEEU ROWS I N  PRINCIPAL ARRAY 

NUMBER OF COLUMN VECTORS I N  SECONDARY ARRAY 

SAME AS XNOL 

NUMeER Of COLUHNS I N  PRIMARY ARRAY. 

INDEX WHICH IbiUICATES I F  THE COORDINATE SYSTEM I S  TO BE 
REVERSED DURING THE EVALUATION OF THE TRANSPORT INTEGRALS 

NUMBER OF FREQUENCY POINTS PER L I N E  GROUP 

NUMBER OF LINES IN EACH L I N E  GROUP 

NUMBER OF SPECIAL H LINES (GAMP OF ZERO) 

NUMBER OF Y/DELTA POINTS 

INDEX HHICH INDICATES I F  THE COORDINATE SYSTEM I S  
SUITABLE. OT=1 F O R  AN OPTICALLY THIN LAYER, OT NOT EQUAL 
T O  1 FOR OPTICALLY THICK LAYER 

PRESSURE. 

P * (lo**(+)) USED TO I N I T & A L I Z E  PARTIAL PRESSURES. 

SAME AS I N  EQUIL. 

L O G  ( P I N ) .  

SUMMATION VN(J) Glr lTI . I (J)  FOR ALL CONDENSED SPECIES. 

SUHHATION VNU(J,K) * VN(J)  OVER ALL GASES 3 .  

PRESSURE (ATK) 

NET RADIATIVE FLUX (9TU/FTZ-SEC) 

L FREP 

L CONTN 

L L I N T  

L CONTN 

L L I N T  

L RERAY 

L HERAY 

L RERAY 

OUTPUT 

L REHAY 

L TRANS 

L L I N T  

C RAD 

C L I N E  

C RAD . 

C TRANS 

C EQPCOM 

L EQUIL 

L MATER 

L EQUIL 

L EQUIL 

L HATER 

C RAD 

L H A I N  

& HEAT O F  FORMATION OF EIOLECULE AT 298 DE6 K F R O M  J A N A F  8ASE L INPUT 
STATE, CAL/t4OLE, N * l  OR 2 FUK LOW AND HIGH TEMPEHATUHE KAN- 
GESI RESPCCTIVfLY. . 'r 

Lb 
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RC ( J T N )  

RU ( JTN) 

WE ( J T N )  

R H R  

RMMG 

RHMGS 

RSQA 

S 

S1 

s1 

SL 

S (N) 

SU(J)  

SHIP 

SIGMA 

SIP . 
SL 

SLAM (K) 

SM 

S M ( J )  

SMELT . 

SP 

CURYE F I T  CONSTANT FOR THEHHCUYNAMIC O h T A  (THE QUAi.ITITY F3 C EQPCON 

LOM, AFJO HIGH TEMPEdATURE R A I u ~ E S  ,RESPECT LVELY . 
CURVE F I T  CONSTA>rT F O R  THER~IOL)YNAHIC D A T A  (THE OUANTITY F4 C EOPCOM 

DISCUSSEO IN GROUP 4 OF' INt'UT INSTKUCTIOXS), N*l OR 2 FUR 

DISCUSSED I N  GitOlJP 4 OF IFIPbT INSTRUCTIONS), N * l  OH 2 FOR 
LOW AIJO HIGH TEMPERATURE RANGES,RESPECTiVELY. 

CURVE FIT CONSTAiJT FUR THEHMQUYNAMIC DATA (THE QUANTITY F S  C EQPCOM 
DISCUSSED IPt GROUP 4 OF I M U T  INSTRUCTI0NS) r  iu*l OR 2 FOR 
LOW AND HIGH TEMPEHATLJHE RAMG€S ,RESPECT I VELY 

OEPJSITY 

RATIO OF MOLECULAR HEIGHT (OLITAINED 8 Y  SUMblItJG PARTIAL  

( 0 8 T A I r l E D  BY SUMMING OVER GAS PHASE SPECIES) 

RMMG 3 RHMG 

R M  M GS * F FF/ A A 

AN ARRAY USED FOR L O C A L  STORAGE I N  MANY SUBROUTINES 

PRESSURES OYER ALL SPECIES) TO THE MOLECULE dEIGHT 

A N  ARRAY USED FOR L O C A L  STORAGE I N  E4CNY SUSHOUTINES 

THE LINE ABSORPTION COEFFICIENT INCLUDING THE CONTRI- 
BUTIONS DUE TO OVERLAPPING L I N E S  AND ACCOUNTING FOR IN- 
OUCED EMISSION 

AN ARRAY USED FOR L O C A L  STORAGE I N  MANY SUBROUTINES 

LARGEST CONTRIRUTION T O  TERM I N  N TH COLUMN 

ENTROPY 

SAVED VALUE OF INPUT ENTHALPY. 

COLL IS ION CROSS SECTION FOR NEFERENCE SPECIES 

E N T R O P Y  INPUT, 

L I N E  STRENGTH 

DEFINED BY EQ(831 OF NASA CG-1064. 

FREQUEIS'CY IFJCREHENT UETWEEN CINE CENTER AND-LOWEST 
FREQUENCY NODE ASSIbNED TO THAT L INE 

ENTROPY OF FUSION. 

S M ( J )  I F  J TH SPECIES I S  CtIAtJGIPIG PHASE9 OThERWISE 0. 

FREQUENCY INCREMENT BETWEEN L I N E  CENTER AND HIGHEST 
FREQUENCY NODE ASSIGNED TO THAT L I N E  

L EQUIL 

L MATER 

L MATER 

L MATER 
< '  

L MULE 

C RERAY 

C EOTCOM 

L €QULL 

C EQTCGM 

C EQTCOH 

L MULE 

C EQTCOW . 

L FREQ 

C EQPCOM 

C EQTCOM 

L FREQ 



SP 

' SP1 

SPEASE 

SR i 

ss 

SSI P 

SUHG 

SUML 

SlJMN 

i. - sv1 

T 

i T1 
T 1  

T 1  . 

TAU 

TAU 

TAU(K,KK) 

TAUC 

TAUT 

TEE 

TF (J) 

TFMAX 

TIIETA 

T I O N  

TK (KIN) 

-04- 
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ELEMENTAL MASS FRACTIONS 

PRESSURE UPSTREAM OF SHOCKWAVE (ATHI 

SAVED VALVE OF P I E A S E  

OENSITY UPSTREAM OF SHOCKWAVE (LB/CUBIC FT)  

LOCALLY DEFIkED VARlABLE 

SAVED VALUE OF INPUT ENTROPY. 

OFF-DIAGONAL COLUMN SUMS OF GAMK USED TO STRENGTHEN 
DIAGONAL OOMIEIANCE OF ARRAY 

C RAOCOM 

C HAOCOM 

L EQUIL 

C RADCOM 

- L SLOP0 3 
L EQUIL 

3 L EQUIL 

LOG (SUMN/PI 3 C EQTCOM * 

SUMMATlON OF P A R T I A L  PRESSUHES FOR ALL GAS PHASE SPECIES. C EQTCOM 

VELOCITY UPSTREAM OF SHOCKWAVE (FT/SEC) 

STATIC  TEMPERATURE l iu DEG K ,  IDENTICAL TO 2 

TEMPERATURE I N  U N I T S  O F  KT(EV) 

TEMPERATURE I N  UNITS OF KT(EV1 

TEMPERATURE I N  UNIT'S OF K T ( E V )  

CONTINUUbl OPTICAL DEPTH FOR INTENSITY CALCULATION, 
TWICE THAT FOR A FLUX CALCULATION 

CONTlNUUM OPTICAL DEPTH FOR IIJTENSITY CALCULATION* 
TWICE THAT FOR A FLUX CALCULATION 

INTERMEDIATE ARRAY USED I N  FORMING UM. 

OPTICAL DEPTH AT THE L I N E  CENTER FOR INTENSITY CALCU- 
LATION(  T I j ICE  THAT FOR A FLUX CALCULATION 

TOTAL (LINE AND CONTINUUM) OPTICAL DEPTH FOR I N T E k S I T Y  
CALCULATION, TUICE THAT FOR A FLUX CALCULATION 

TEMPERATURE (DEG. K )  

F A I L  TEMPERATURE OF SPECIES J. 

MAXIMUM F k I L  TEMPERATURE OF CANOIUATE SURFACE SPECIES. 

ANGLE OF SHOCKWAVE 

TEMPERATUdE BELOW WiIlCH IONIZATION WILL BE SU?PRESSEO 

GHAH ATOIiS OF ELEMENT K PER UNIT MASS OF COMPGr4ENT N. 

C EQPCOM 

L CONTN 

L LINT 

L MU 3 
L CONTN yd 

L L I N T  . : I  
3 L INPUT 

L FREQ 

L L I N T  3 
C RAD 

E EQPCOM 

L INPUT 

C RADCOM 

L EUUIL  

C EQPCOM 

3 
3 
7 .A 



TLCM 

TLCP 

TM 

TMAX 

TMLN 

TMSW 

TMSHL 

TMU 

TU ( K g N )  

TS 

TT 

TTMAX 

T I M  I N  

TU(J9N) 

TU 

UGH 

UF.1 ( K I K K )  

v 
VA 

VA 

VA 

VA 

VI3 

VB 
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L I N E  COt?i?ECTION TO FLUX (OR INTENSITY)  AdAY FROM WALL 

LIKE CGRiiECTION TO FLUX (OR INTENSITY)  TOtJAHD WALL 

MAXIMUM OH ClIWIMUM TEtfPERATUHE IF DELTA T I S  P O S I T I V E  OR 
NEGATIVE, RESPECTI'JLLY. 

blAX1blUM TEMPERATURE ALLO!JED FOR CURRENT ITERATION 

MINIMUM TEPIPERATUHE ALLO'AED FOR CURRENT ITERAT 1O:J. 

OF WALL AT CONTINUUM FHE(IU<PJCIES 

OF WALL AT AVERAGE FREQUENCIES OF 

TRANSMITTANCE 

T H AFlS M I T T k NC E 
L I N E  GROUPS 

TOTAL (LIkE A 10 CONTZNUUM) ABSOiiPTION COEFFICIENT 

c L I N E  

C L I N E  

L CHECT 

C EQ'TCOM 

C EOTCOM 

C RAD 

C RAD 

L L I N T  . 

GRAM ATOMS OF BASE SPECIES K PER U N I T  MASS OF COMPONENT N o  C EOPCO:4 
(SEE ! . I ( N )  FOR D E F I N I T I O N  OF COMPONENTS) 

PHASE CHANGE TEMPERATURE. 

TEblPERATUHE (DEG. R )  

MAXIMUM TEMPERATUgE ALLClvlED FOR T H I S  SOLUTION. 

MINIMUM TEKPERATURE ALCOLlED F O R  T H I S  SOLUTION. 

UPPER TEMPERATUdE OF TEMPERATURE RANGE FOR INPUTTING 
THEHMODYiJAt-1iC PROPERTY DATA FOt? SPECIES J, N=l 02  2 FOR 
LOYIER AtlD UPPEK TEPIPEHATURE RANGES, YESPECT I VELY 

VALL TEMPERATURE (DLG. K) 

NOH M A L  I Z 11\16 F ACT OR I N  GAUSS I AN E L  I M I N AT I ON. 

MOLECULES OF BASE SPECIES K I N  ELEMENT KK. 

L O C A L L Y  DEF 1 KED V A R i  ABLE 

L O C A L L Y  DEFINED VARIABLE 

L O C A L L Y  DEFINED VARIABLE 

L O C A L L Y  DEFINED VAHIAULE 

L O C A L L Y  DEFINED VAR [ABLE 

L O C A L L Y  DEFI6ED VARJAdLES 

L O C A L L Y  DEFINED VAI2LAdLES 

L INPUT 

C HAOCOq 

C EQTCOM 

C EUTCOM 

c EGPCOM 

C RAD 

L INPUT 

L IIJPU'f 

L IPIPUT 

L CRECT 

L INPUT 

L MATER 

L THERM 

L I?:PUT 

L THERM 

, '  



VLL 

VELSQ 

VLNK (J) 

VMACH 

VMU2 

VMY 

VN(J1 

VNU ( JIK) 

WAT (K) 

klo 

\oiM 

WOL 

V T  

WIG 

W T L  

WTM ( 3 )  

X (N) 

X 1  

XAPNU 

xo  

t 
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LOCALLY D t F I h E D  VARIABLES 

LOCALLY DEFINED VARIABLES 

LOCALLY DEFINE0 VARIASLES 

LOCALLY Ok)--INED VAHIAaLES 

LOCALLY DEFINED VARlAtjLES 

LOCALLY OEF I N E D  VAR 1 ABLES 

V E L O C I T Y  

SQUARE OF VELOCITY. 

P * 10**(-6) 

LOG KP FUR FORMATION REACTION OF J TH SPECIES, 

MACH NUMBER 

L INPUT 

L THERM 

L INPUT 

L ThERM 

L INPUT 

L THERM 

L EQUIL 

L EQUIL 

L INPUT 

C EQTCOM 

L EQUIL 

SAME AS VMU2 I N  PROPS. C MATER 

MEAN MOLECULAR WEIGHT OF MIXTURE 

PARTIAL PRESSURE. 

STOICHIOMETRIC COEFFICIENT ON K TH BASE SPECIES I N  FORHA- 
T I O N  O F  J TH SPECIES. 

A T O M I C  WEIGHT. 

DOPPLER HALF WIDTH A T  HALF INTENSTTY 

MOLECULAR WEIGHT OF MIXTURE. 

NUMBER D E N S I T Y  OF N2+ 

MOLECULAH WEIGHT AS SUMI4ED 

PRESSURE * GAS MOLECULAR WEIGHT. 

SUMMATION OF VN(J)  * r lTM(J1 FOR ALL CONDENSED SPECIES. 

MOLECULAR WEIGHT OF SPECIES J. 

CORRECTXOV~S OF NONLINEAR VARIABLES I N  CHEMISTRY SOLUTION. 

DAMPED VALUE OF- OELTA L N  T s  

CONTItJ(IUt4 ABSORPTION COEFFICIENT CORRECTED FOR INDUCED 
EM I SSI ON 

C RAOCOM 

C EQPCOM 

C EilPCOlY 

C EQPCOM 

L MULE 

C EQPCOM 

C RAD 

L INPUT 

L MATER 

L MATER 

C EQPCOM 

E EQTCOH 

L CRECT 

L MU 

L O C A L L Y  DEF INEL,  VARIABLE L SLOP0 
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XF 

XIN 

X I P  

X J #  

XJWL 

XNOL 

XNOL 

XNN 

XOT 

XOTT 

XP 

XQ 

XTO' 

XTT 

XXN 

Y (J) 

YC 

Y I N T  

YS 

YW (K) 

Y Y  

2 

GROWTH FACTOH FOR I-lNE FHEQUEhCY rJbDES ( D E f  INED 8 Y  
EOUNIONS 69 AND 70 Ut- REF 1 )  

PEGATIVE SPECTRAL FLUX (OR !rJTENSITY) 

POSITIVE SPECTRAL FLUX (OR 1tdTENSITY) 

CONTINUUM FLUX (CQ IFiTEPlSIT'I) LEAVIEIG !JALL AND INCLUDING 
REFLECTED A W  EMITTtl,  COEIPOIYENTS 

L I N E  FLUX (ON INTENSITY) LEAVING WALL AND INCLIJUING 
REFLECTED AIiU EM1 TTEO COMPWtNTS 

= I  MOLECULAH CONTXIk3UTIONS TO THE A$SORPT!ON COEFF ARE 
INCLUDED9 = O  THEY ARE MOT IkCLUDED 

WEIGHT FACTOH TO BE APPLIEO TO THE CONTRIBUTlON OF A L I N E  
T O  ACCOUNT FOR THE COhTRIOUTIONS OF O l H E H  LINES d I T H  
IOENFICAL PROPERlIES, WHICH ARE ALSO U I T H I N  ThE L I N E  GROUP. 

L FHEQ 

L TRANS 

L TRANS 

L CONTN 

L CONlN 

C RAD 

c LINE 

NUMBER DENSITIES OF RADIATING SPECIES c L I N E  

L O C A L L Y  OEF INED VARIABLE L SLOPQ 

LOCALLY OEFINEO VARIABLE L SLOPQ 

NUMBER DENSITY OF THE A B S O H ~ I N G  LEVEL 

ELECTRONIC PARTITION FUNCTION 

L MULE 

C RAD'  

L O C A L L Y  OEf IEEO VARIABLE L SLOPQ 

LOCALLY D ~ F  INEO VARIABLE L SLGPQ 

NUMBER DENSITIES O F  RADIATING SPECIES (DUPLICATE HEANING) C L I N E  

NATURAL L O G  OF PAHTIAL PRESSUA€ ( + O  FOR PRESENT CONDENSED C EGPCOM 
SPECIES)*  IDENTICAL TO Y Y Y ( J )  

I N I T I A L  VALUE OF Y 1 J ) -  L INPUT 

ALOG(VINT1 L .INPUT 

L O C A L L Y  DEFINED VARIABLE 

VALUE OF Y Y Y ( J )  AT #ALL (SAVED) 

VALUES OF Y/CELTA POINTS .. 
STATIC TEMPERATURE I N  DEG K, IDENTICAL TO TO. 

. 

L SLOPQ 

C EOPC014 

C RAD 

C EQPCOH 

, 



. 
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